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A. Dynamic RAM 

1. Standard DRAM 


Note: Package Type P: Plastic Dip; T: PLCC; Z: Zip 





Access Time 

Max (ns) 

Cycle 

Time 


Power Dissipation 
Max S/B (mW) 


Operating 





tRAC 

tCAC 

(ns) 


Active 

Standby 


Mode 



TM M41256AP/AT/AZ-10 


100 

50 

190 


440 






TMM41 256AP/AT/AZ-12 

262,144X1 

120 

60 

220 

NMOS 

396 

28 

16/18/16 

Page 



TMM41256AP/AT/AZ-15 


150 

75 

260 


358 






TMM41 257AP/AT/AZ-10 


100 

50 

190 


440 






TMM41 257AP/AT/AZ-12 

262,144X1 

120 

60 

220 

NMOS 

396 

28 

16/18/16 

Nibble 



TMM41257AP/AT/AZ-15 


150 

75 

260 


358 






TM M41464AP/AT/AZ-10 


100 

50 

190 


440 






TM M41464AP/AT/AZ-12 

65,536X4 

120 

60 

220 

NMOS 

396 

28 

18/18/20 

Page 



TMM41464AP/AT/AZ-15 


150 

75 

260 


358 












1. Standard DRAM (Continued) 


Capacity 

Part Number 

Organization 

Access Time 

Max (ns) 

Cycle 

Time 

Min 

(ns) 

Process 

Power Dissipation 
Max S/B (mW) 

Pins 

Operating 

Mode 

tRAC 

tCAC 

Active 

Standby 


TC511000P/J/Z-85 


85 

25 

165 


385 





TC511000P/J/Z-10 

1,048,576X1 

100 

25 

190 

CMOS 

330 

5.5 

18/26/20 

p 


TC511000P/J/Z-12 


120 

30 

220 


275 



age 


TC511000PL/JL/ZL-85 


85 

25 

165 


385 





TC511000PL/JL/ZL-10 

1,048,576X1 

100 

25 

190 

CMOS 

330 

1.7 

18/26/20 

| r»w Pnw^r 


TC511000PL/JL/ZL-12 


120 

30 

220 


275 





TC511000AP/AJ/AZ-70 


70 

20 

130 


440 





TC511000AP/AJ/AZ-80 

1,048,576X1 

80 

20 

150 

CMOS 

385 

5.5 

18/26/20 

p 


TC511000AP/AJ/AZ-100 


100 

25 

180 


330 



aye 


TC511000APL/AJL/AZL-70 


70 

20 

130 


440 





TC511000APL/AJL/AZL-80 

1,048,576X1 

80 

20 

150 

CMOS 

385 

1.1 

18/26/20 

| n\Ai PnuvAr 


TC511000APL/AJL/AZL-10 


100 

25 

180 


330 





TC511001 P/J/Z-85 


85 

30 

165 


385 





TC511001 P/J/Z-10 

1,048,576X1 

100 

35 

190 

CMOS 

330 

5.5 

18/26/20 

Nibble 


TC511001 P/J/Z-12 


120 

40 

220 


275 





TC511001AP/AJ/AZ-70 


70 

20 

130 


440 





TC511001AP/AJ/AZ-80 

1,048,576X1 

80 

20 

150 

CMOS 

385 

5.5 

18/26/20 

Nibble 


TC511001 AP/AJ/AZ-10 


100 

25 

180 


330 





TC511002 P/J/Z-85 


85 

25 

165 


385 



statin 


TC511002P/J/Z-10 

1,048,576X1 

100 

25 

190 

CMOS 

330 

5.5 

18/26/20 

Column 


TC511002 P/J/Z-1 2 


120 

30 

220 


275 





TC511002AP/AJ/AZ-70 


70 

20 

130 


440 





TC511002AP/AJ/AZ-80 

1,048,576X1 

80 

20 

150 

CMOS 

385 

5.5 

18/26/20 

n i 

1M 

TC511002AP/AJ/AZ-10 


100 

25 

180 


330 




Bit 

TC514256P/J/Z-85 


85 

30 

165 


413 





TC514256P/J/Z-10 

262,144X4 

100 

30 

190 

CMOS 

358 

5.5 

20/26/20 

P 


TC514256P/J/Z-12 


120 

35 

220 


303 



9 


TC514256PL/JL/ZL-85 


85 

30 

165 


413 





TC514256PL/JL/ZL-10 

262,144X4 

100 

30 

190 

CMOS 

358 

1.7 

20/26/20 

Low Power 


TC514256PL/JL/ZL-12 


120 

35 

220 


303 





TC514256AP/AJ/AZ-70 


70 

20 

130 


440 





TC514256AP/AJ/AZ-80 

262,144X4 

80 

20 

150 

CMOS 

385 

5.5 

20/26/20 

p 


TC514256AP/AJ/AZ-10 


100 

25 

180 


330 





TC514256APL/AJL/AZL-70 


70 

20 

130 


440 





TC514256APL/AJL/AZL-80 

262,144X4 

80 

20 

150 

CMOS 

385 

1.1 

20/26/20 

Low Power 


TC514256APL/AJL/AZL-10 


100 

25 

180 


330 





TC514266AP/AJ/AZ-70 


70 

20 

130 


440 



Fast Page 


TC514266AP/AJ/AZ-80 

262,144X4 

80 

20 

150 

CMOS 

385 

5.5 

20/26/20 

Write- 


TC514266AP/AJ/AZ-10 


100 

25 

180 


330 



Per-Bit 


TC5142S8P/J/Z-85 


85 

30 

165 


413 





TC514258P/J/Z-10 

262,144X4 

100 

30 

190 

CMOS 

358 

5.5 

20/26/20 

Column 


TC514258P/J/Z-12 


120 

35 

220 


303 





TC514258AP/AJ/AZ-70 


70 

25 

130 


440 





TC514258AP/AJ/AZ-80 

262,144X4 

80 

25 

150 

CMOS 

385 

5.5 

20/26/20 

Column 


TC514258AP/AJ/AZ-10 


100 

30 

180 


330 





TC514268AP/AJ/AZ-70 


70 

25 

130 


440 



Static Col- 


TC514268AP/AJ/AZ-80 

262,144X4 

80 

25 

150 

CMOS 

385 

5.5 

20/26/20 

umn, Write- 


TC514268AP/AJ/AZ-10 


100 

30 

180 


330 



Per-Bit 







Random Port 
Access Time 


Organization 


Serial-In 

Serial-Out 


TC521000P 


32KX8X4 


RAM Port: 256X4 
SAM Port: 512X4 


Note: Package 


2. Video RAM 




Capacity Part Number 


Active Standby 


TC524256P/Z-10 


Random Port 
Page Mode 
Write-Per-Bit 


Serial Port: 
Serial Input-Output 





















TOSHIBA 


3. DRAM Modules 


Organization 

Part Number 

Access time 

Pins 

Assembly 

Pin type 

Height 

Comment 





side 


max (mm) 



THM41000L-85 

85 







THM41000L-10 

100 





Fast Page 


THM41000L-12 

120 






THM41001L-85 

85 






1MX4 

THM41001L-10 

100 

25 

Single 

Pin 

12.64 

Nibble 


THM41001 L-12 

120 






THM41002L-85 

85 







THM41002L-10 

100 





Static Column 


THM41002L-12 

120 







THM8512S-85 

85 







THM8512S-10 

100 



Socket 

15.24 



THM8512S-1 2 

120 





Fast Page 









THM8512L-85 

85 







THM8512L-10 

100 



Pin 

17.52 


512KX8 

THM8512L-12 

120 

30 

Single 




THM8514S-85 

85 








THM8514S-10 

100 



Socket 

15.24 



THM8514S-12 

120 





Static Column 









THM8514L-85 

85 







THM8514L-10 

100 



Pin 

17.52 



THM8514L-12 

120 







THM81OOOS-85 

85 







THM81000S-10 

100 



Socket 

20.45 



THM81000S-12 

120 





Fast Page 









THM81000L-85 

85 







THM81000L-10 

100 



Pin 

22.6 



THM81 OOOL-1 2 

120 







THM81001S-85 

85 







THM81001 S-10 

100 



Socket 

20.45 



THM81001S-12 

120 

30 

Single 



Nibble 







THM81001L-85 

85 







THM81001 L-10 

100 



Pin 

22.6 



THM81001L-12 

120 







THM81002S-85 

85 






1 MX8 

THM81 002S-10 

100 



Socket 

20.45 



THM81002S-12 

120 





Static Column 









THM81002L-85 

85 







THM81002L-10 

100 



Pin 

22.6 



THM81002L-12 

120 







* THM81020L-85 

85 







* THM81020L-10 

100 





Fast Page 


* THM81020L-12 

120 







* THM81021L-85 

85 







* THM81021L 10 

100 

30 

Double 

Pin 

12.64 

Nibble 


* THM81021 L-1 2 

120 







* THM81022L-85 

85 







* THM81022L-10 

100 





Static Column 


* THM.81022L-1 2 

120 







Under Development 





TOSHIBA 


3. DRAM Modules (Continued) 


Organization 

Part Number 

Access time 

Pins 

Assembly 

Pin type 

Height 

Comment 





side 


max (mm) 



THM91000S-85 

85 







THM91000S-10 

100 



Socket 

20.45 



THM91000S-12 

120 





Fast Page 









THM91000L-85 

85 







THM91000L-10 

100 



Pin 

22.6 



THM91000L-12 

120 







THM91001S-85 

85 







THM91001S-10 

100 



Socket 

20.45 



THM91001S-12 

120 

30 

Single 



Nibble 







THM91001L-85 

85 







THM91001L-10 

100 



Pin 

22.6 



THM91001L-12 

120 







THM91002S-85 

85 







THM91002S-10 

10C 



Socket 

20.45 


MX 9 

THMS1002S-12 

120 





Static Column 

THM91002L-85 

85 








THM91002L-10 
THM91002L-12 

120 



Pin 

22.6 



THM9101 OS-85 

85 







THM91010S-10 

100 



Socket 

20.45 



THM91010S-12 

120 





Fast Page 


THM91010L-85 

85 

30 

Single 



9 I/O Common 


THM91 010L-10 

100 


Pin 

22.6 



THM91010L-12 

120 







THM91020L-85 

85 







THM91020L-10 

100 





Fast Page 


THM91020L-12 

120 







THM91021 L-85 

85 







THM91021 L-10 

100 

30 

Double 

Pin 

12.64 

Nibble 


THM91021 L-12 

120 







THM91022L-85 

85 







THM91 022L-1 0 

100 





Static Column 


THM91022L-12 

120 







* THM362500S-85 







256KX36 

* THM362500S-10 



Single 



Fast Page 


* THM362500S-12 






: New Product 










Note: Package Material: P :Plastic Dip; F: Flat Package (SOP) 
* : New Product ** : Under Development 
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2. CMOS Pseudo Static RAM 


Capacity 

Type No. 

Organi- 

Access Time 






zation 

Max. (ns) 






TC51832 P/SP/F-85 


85 

135 


303 





TC51832P/SP/F-10 


100 

160 


248 

5.5 



256K Bit 

TC51832P/SP/F-12 

32,768X8 

120 

190 


220 


28 

0.6 (P) 

TC51 832PL/SPL/FL-85 

85 

135 

303 


0.3 (SP) 

0.45 (F) 


TC51832PL/SPL/FL-10 


100 

160 


248 

0.55 



TC51832PL/SPL/FL-12 


120 

190 


220 





* TC518128P-10 


PS 100 

VS 160 



330 

5.5 




* TC518128P-12 


PS 120 

VS 190 



275 




* TC518128PL-10 


PS 100 

VS 160 

160 

220 



0.55 



1M Bit 

* TC518128PL-12 

131,072X8 

PS 120 

VS 190 

190 

260 

+5±10% 


32 

0.6 (P) 

**TC518128F-10 

PS 100 

VS 160 



5.5 

0.45 (F) 


**TC518128F-12 


PS 120 

VS 190 

190 

260 


275 




**TC518128FL-10 


PS 100 

VS 160 




0.55 




**TC5181 28FL-12 


PS 120 

VS 190 

190 

260 






Note: Package material P: Plastic Dip; SP: Slim Plastic DIP; F: Flat Package (SOP) 
Function: PS: Pseudo Static Mode; VS: Virtually Static Mode 
* : New Product; ** : Under Development 


3. High Speed Static RAM 








Power Dissipation max(mW) 


Package 







— 






zation 

Max. (ns) 

Min. (ns) 



Standby 


(inch) 


TMM2018AP-25 


25 

25 







TMM2018AP-35 

2,048X8 

35 

35 

NMOS 





16K Bit 

TMM2018AP-45 


45 

45 
















TMM2068AP-25 










TMM2068AP-35 

2,048X8 





■ 




TMM2068AP-45 


■I B 








TMM2088P-35 

8,192X8 


35 


742.5 

| 


0.3 


TMM2088P-45 


BH 

45 




HI 


■ 

TMM2089P-35 

8,192X9 

35 



742.5 

82.5 


0.3 


TMM2089P-45 


45 





19 


■ 

TC5561 P/J-45 


45 







■ 

TC5561 P/J-55 


55 





Egl 



TC5562P/J-35 

65,536X1 

35 

35 

CMOS 



22(P) 

0.3 (P) 




45 

45 




24(J) 

0.3 (J) 


TC55416P/J-25 


25 

25 




22(P) 

0.3 (P) 


TC55416P/J-35 


35 

35 




24(J) 

0.3 (J) 


TC5541 7P/J-25 


25 

25 




24(P) 

0.3 (P) 


TC55417P/J-35 


35 

35 




24(J) 

0.3 (J) 


* TC5588P/J-20 

8,192X8 

20 

20 

CMOS 

550 

110 

28 

0.3 


* TC5588P/J-25 


25 

25 







* TC5589P/J-20 


20 

20 

CMOS 

550 

110 

28 

0.3 


* TC5589P/J-25 


25 

25 




_ 



Note: Package Type P: Plastic Dip; J: SOJ Package 
*: Under Development 


9 




























































TOSHIBA 


C. Non-volatile 

1. EPROM 


Capacity 

Type No. 

Organi¬ 
zation 
& Process 

Access 
Time 
Max. (ns) 

Cycle 
Time 
Min. (ns) 

Power 

Supply 

(V) 

Temper¬ 

ature 

Range (°C) 

Power Dissipation Max (mW) 

Pins 

Programming 

Algorithm 

Active 

Standby 

64 K Bit 

TMM2764AD-15 
TMM2764AD-20 

8,192X8 

NMOS 

150 

200 

150 

200 

5V±5% 

0~70 

525 

158 

28 

1 or II 

TMM2764ADI-15 

TMM2764ADI-20 

150 

200 

150 

200 

-40-85 

630 

184 

TMM2764AD-150 
TMM2764AD-200 

150 

200 

150 

200 

5V±10% 

0-70 

660 

193 

128K Bit 

TMM27128AD-15 
TMM27128AD-20 

16,384X8 

NMOS 

150 

200 

150 

200 

5V±5% 

0-70 

525 

158 

28 

1 or II 

TMM27128ADI-15 
TMM27128ADI-20 

150 

200 

150 

200 

-40-85 

630 

184 

TMM2712SAD-150 
TMM27128AD-200 

150 

200 

150 

200 

5V±10% 

0-70 

660 

193 

256K Bit 

TMM27256AD-15 

TMM27256AD-20 

32,768X8 

NMOS 

150 

200 

150 

200 

5V±5% 

0-70 

525 

158 

28 

1 or II 

TMM27256ADI-15 
TMM27256ADI-20 

150 

200 

150 

200 

-40-85 

630 

184 

TMM27256AD-150 
TMM27256AD-200 

150 

200 

150 

200 

5V±10% 

0-70 

660 

193 

TMM27256BD-15 
TMM27256BD-20 

150 

200 

150 

200 

5V±5% 

0~70 

525 

.. 

158 

TMM27256BDM 5 
TMM27256BDI-20 

150 

200 

150 

200 

-40-85 

630 

184 

TC57256AD-15 

TC57256AD-20 

32,768X8 

CMOS 

150 

200 

150 

200 

0-70 

158 

0.525 

512K Bit 

TMM27512D-20 
TMM27512D-25 

65,536X8 

NMOS 

200 

250 

200 

250 

5V±5% 

0-70 

630 

184 

28 

1 or II 

TMM27512DI-20 
TMM27512DI-25 

200 

250 

200 

250 

-40-85 

683 

210 

TMM27512D-200 
TMM27512D-250 

200 

250 

200 

250 

5V+10% 

0-70 

715 

220 

* TMM27512AD-20 

* TMM27512 AD-25 

200 

250 

200 

250 

5V±5% 

0-70 

630 

184 

* TMM2751 2ADI-20 

* TMM2751 2ADI-25 

200 

250 

200 

250 

-40-85 

683 

210 

1M Bit 

TC571000D-20 

TC571000D-25 

131,072X8 

CMOS 

200 

250 

200 

250 

5V±5% 

-40-85 

158 

0.525 

32 

II 

TC57100I D-20 
TC571001D-25 

200 

250 

200 

250 

* TC571024D-20 

* TC571 024D-25 

65,536X16 

CMOS 

200 

250 

200 

250 

40 


Note: Package 


D: Cerdip; 


: New Product 






TOSHIBA 


2. Flash EEPROM 




Organi- 

Access 

Cycle 

Power 

Temper- 

Power Dissipation Max (mW) 


Programming 

Capacity 

Part No. 

zation 

Time 

Time 

Supply 

ature 



Pins 

& Erase 



& Process 

Max. (ns) 

Min. (ns) 

(V) 

Range (°C) 

Active 

Standby 


Voltage 


* TMM28257P-30 


300 

300 








* TMM28257P-25 


250 

250 

5V+5% 

o 

r- 

i 

o 

525 

132 

28 


256K Bit 

* TMM28257P-20 

NMOS 

200 

200 






±0.25V 












**TC58257AP-25 


250 

250 








**TC58257AP-20 


200 

200 

5V+5% 

0~70 

TBD 

TBD 

28 



**TC58257AP-17 

CMOS 

170 

170 






±0.25V 


3. One Time PROM 


Capacity 

Type No. 

Organi¬ 
zation 
& Process 

Access 
Time 
Max. (ns) 

Cycle 
Time 
Min. (ns) 

Power 

Supply 

(V) 

Temper¬ 

ature 

Range (°C) 

| Power Dissipation Max (mW) | 

Pins 

Programming 

Algorithm 

Active 

Standby 

64K Bit i 

TMM2464AP/AF 

8,192X8 

NMOS 

200 

200 

5V±5% 

0—70 

525 

158 

28 

1 or II 

128KBit 

TMM24128AP/AF 

16,384X8 
NMOS 

200 

200 

5V±5% 

0-70 

525 

158 

28 

1 or II 

256K Bit 

TMM24256AP/AF 

32,768X8 

NMOS 

200 

200 

5V±5% 

0-70 

! 

525 

158 

28 

1 or II 

* TMM24256BP/BF-20 

* TMM24256BP/BF-17 

200 

170 

200 

170 

TC54256AP/AF 

32,768X8 

CMOS 

200 

200 

-40-85 1 

158 

0.525 

51 2K Bit 

TMM24512P/F 

65,536X8 

NMOS 

250 

250 

5V±5% 

0-70 

630 

184 

28 

1 or II 

* TMM24512AP/AF-25 

* TMM24512AP/AF-20 

250 

200 

250 

200 

* TC54512AP/AF-20 

* TC54512AP/AF-17 

200 

170 

200 

170 

-40-85 

158 

0.525 

1 M Bit 

* TC541000P/F-25 

* TC541OOOP/F-20 

131,072X8 

CMOS 

250 

200 

250 

200 

5V±5% 

-40-85 

158 

0.525 

32 

II 

* TC541001 P/F-25 

* TC541001 P/F-20 

250 

200 

250 

200 

* TC541024P-25 

* TC541 024P-20 

65,536X16 

CMOS 

250 

200 

250 

200 

40 


4. Mask ROM 


Capacity 

Type No. 

Organi¬ 

zation 

Access Time 
Max. (ns) 

Cycle Time 
Min. (ns) 

Process 

Power Dissipation Max. (mW) 

Pins 

Active 

Standby 

256K Bit 

TC53257P/F 

32,766X8 

150 

150 

CMOS 

138 

0.11 

28 

512K Bit 

TC53512AP/AF 

65,536X8 

150 

150 

CMOS 

138 

0.11 

28 

1 M Bit 

TC531000AP/AF 

131,072X8 

150 

150 

CMOS 

138 

0.11 

28 

TC531001AP 

150 

150 

TC531024P 

65,536X16 

150 

150 

40 

4M Bit 

* TC534000P 

524,288X8 

250 

250 

CMOS 

220 

0.11 

32 


*: New Product 

Note: Package Type P: Plastic Dip; F: Flat Package (SOP) **: Under Development 
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64KX4 (page mode) 


250KX1 (nibble mode) 


Organization 


256KX1 (page mode) 


TMM41404AP/AT/AZ 


TMM41267AP/AT/AZ 


TMM41266AP/AT/AZ 


TOSHIBA 


MB81464 


MB81257 


FUJITSU 


MB81250 


HITACHI 


HM50257 


HM60256 


M5M4464 


M5M4267 


MITSUBISHI 


M5M4250 


yP D41404 


*iPD41257 


(UPO41250 


MSM41404 


MSM41267 


MSM41250 


TMS4404 


TMS4256 


TMS4257 


AAA20O1 


2. 1MX1 CMOS Dynamic RAM 



3. 256KX4 CMOS Dynamic RAM 



4. 256KX4 CMOS Video RAM 

Organization 250K/4 (w/O Raster) 250KX4 (w/Raster) 250KX4 (Field Memory) 

SUPPLIER PART# _ PART* _ PART# _ 

TOSHIBA TC524250 _ TC5242S7 _ TC621000 

FUJITSU MS81C4251 (MB81C42S2) _ 

MITSUBISHI MSM442250 _ 

HITACHI HM534251 _ HM534252 _ 

~\ TMS44C251_ 

NEC MPD42274 _ __ 
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TOSHIBA 


PRODUCT LINE CROSS REFERENCE (continued] 


5. DRAM Hybrid Module 


Organization 

1MX4 

4MX1 

512KX8 

1MX8 

TOSHIBA 

THM41000 

THM14000 

THM8512/4 

THM81000/1/2 

HITACHI 




HB56A18 

MITSUBISHI 




MH1M08 

OKI 



- 

MSC2311YS8/KS8 


Organization 

1MX8 (Low profile) 

1MX9 

1MX9 (Common I/O) 

1MX9 (Low profile) 

256KX36 

TOSHIBA 

THM81020/1/2 

THM91000/1/2 

THM91010/1/2 

THM91020/1/2 

THM362500 

HITACHI 


HB56A19 




MITSUBISHI 


MH1M09J 




OKI 


MSC2310YS9/KS9 





6. High-Speed Static RAM 

1) NMOS 


Organization 

2KX8 

4KX4 

8KX8 

8KX9 

Package Width 

0.3 inch 

TOSHIBA 

TMM2018AP 

TMM2068AP 

TMM2088P 

TMM2089 

FUJITSU 


MB8168 

MB81C78 

MB81C79 

HITACHI 


HM6168 



INMOS 


IMS1420/1421 



MITSUBISHI 


M5M2168 

M5M5178 

M5M5179 

MOTOROLA 

MCM2016H/18 

MCM6168 

MCM6164 


NEC 


FPD4314C 



AMD 

AM9128 

AM2168 




2) CMOS 


Organization 

64KX1 

16KX4 (w/O OE) 

16KX4 (w/OE) 

8KX8 

8KX9 

Package Width 

0.3 inch 

TOSHIBA 

TC5561/2 

TC55416 

TC55417 

TC5588 

TC5589 

CYPRESS 

CY7C187 

CY7C164 

CY7C166 

CY7C185 

CY71C186 

FUJITSU 

MB81C71A 

MB81C74 


MB81C78 

MB81C79 

HITACHI 

HM6287 

HM6288 




IDT 

IDT7187 

IDT7188 

IDT7198 

IDT7164 


INMOS 

1 MSI 600/1 

IMS1620 

IMS1624 

IMS51630 


MITSUBISHI 

M5M5187 

M5M5188 


M5M5178 

M5M5179 

MOTOROLA 

MCM6287 

MCM6288/9 

MCM6290 

MCM6164 


NEC 

pPD4361 

MPD4362 

juPD4363 



OKI 


MSM5188US 




SARATOGA 

SSM7187 

SSM7188 

SSM7166 

SSM7164 

SSM7169 

PERFORMANCE 

P4C187 

P4C188 
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TOSHIBA 


PRODUCT LINE CROSS REFERENCE (continued) 


7. Standard Static RAM 


Organization 

8KX8 1 32KX8 | 128KX8 

NMOS/CMOS 

NMOS | CMOS 

Package Width 

0.3 inch 

0.6 inch 

0.6 inch/0.45 inch 

TOSHIBA 

TMM2063P/AP 

TMM2064P/AP 

TC5564AP/AF/L 

TC5565APL/AFL 

TC5563APL 

TC55257AP/AF 

TC55256PL/FL 

TC551001 P/F 

FUJITSU 


MB8464 


MB8464 


MB84256 



HITACHI 


HM6264 



HM6264ASP 

HM62256 



MITSUBISHI 



M5M5164 

S| 


M5M5256 



NEC 



MPD4464 

m PD4364 


/zPD43256 

,uPD44256 


OKI 


MSM5165 

MSM5164 

MSM5165 





IDT 




IDT7164 






8 Pseudo Static RAM 


Organization 

32KX8 

128KX8 

TYPE 

PS RAM 

VS/PSRAM 

PSRAM 

NMOS/CMOS 

CMOS 

CMOS 

CMOS 

Package Width 

0.6 inch/0.3 inch/,45 inch 

0.6 inch/0.45 inch 

0.6 inch/0.3 inch/0.45 inch 

TOSHIBA 

TC51832P/PL/SP/SPL/F/FL 

TC518128P/F 

TC518128AP/APL/ASP/ASPL/AF/AFL 

HITACHI 

HM65256 


HM658128 

NEC 

/iPD42832 



SHARP 

LH62258 




9. 64K/128K Bit NMOS EPROM/OTP 


Organization 

8KX8 

16KX8 

EPROM/OTP 

EPROM 

OTP 

EPROM 

OTP 

Pins 

28 

28 

28 

28 

TOSHIBA 

TMM2764AD 

TMM2464AP/AF 

TMM27128AD 

TMM24128AP/AF 

AMD 

Am2764A 


Am27128AD 


FUJITSU 

MBM2764 


MBM27128A 


HITACHI 

HN482764 

HN482764 

HM48271 28G 

HN4827128 

INTEL 

i2764A 

P2764A 

i27128A 

P27128A 

MITSUBISHI 

M5L2764K 

M5M2764P 

M5L27128K 


NEC 

juPD2764 

HPD2764C 

/xPD27128 

/xPD27128C 

OKI 

MSM2764 


MSM27218 


Tl 

TMS2764 
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MEMORY SELECTION GUIDE (1) - ACCESS TIME VS. CAPACITY preliminary 
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TOSHIBA 


MEMORY SELECTION GUIDE (2) — TYPE OF MEMORY VS. CAPACITY Preliminary 
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HIBA 


TMM2018AP 


TMM2068AP 


TMM2063P/AP 

TMM2064P 

TC5564APL/AFL 

TC5563APL 

TC5565APL7AFL 

TMM2088P 

TC5588P/J 


TMM2464AP/AF 
TMM2764 AD/ADI 


TMM2089P 

TC5589P/J 


TC55416P/J 

TC55417P/J 


TMM24128AP/AF 
TMM27128AD/ADI 


TMM27256AD/ADI/BD/BDI 

TC53257P/F 

T57256AD 

TMM28257P 


TC55256P/F 

TC55257AP/AFL 

TC51832P/PL/SP/F 

TC54256AP/AF 

TMM24256AP/AF/BP/BF 


TC5561P/J 

TC5562P/J 


TMM24512P/F/AP/AF 
TMM27512D/DI/AD/A01 


TMM41464AP 


I TC518128P 
TC55J001P 
TC571000/ID 
TC541000/IP 
TC571024D 
TC531OOOAP 
TC531001AP/AF 


TMM41256AP/AT/AZ 
TM M41257AP/AT/A2 


TC514256P/J/Z/AP/AJ/AZ 
| TC514258P/J/Z/AP/AJ/AZ 
TC514266AP/AJ/AZ 
I TC515268AP/AJ/AZ 
I TC524256P/J/Z 
j TC524257P/J/Z 
1 TC521000P 


TC534000P 


TC5110OOP/J/Z 
TC511001P/J/Z 
TC511002P/J/Z 
TC5110OOAP/AJ/AZ 
j TC511001AP/AJ/AZ 
TC511002AP/AJ/AZ 


MEMORY SELECTION GUIDE (4) — HIGH DENSITY PACKAGE 
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TO! 


TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 28/32 PIN DEVICES 


4M 

BIT 


TC534000 


MROM 

TC531001 


OTP 

TC541001 

s >“ 

EPROM 

TC571001 

LO 

OTP 

TC541000 


EPROM 

TC57IOOO 


MROM 

TC531000 


OTP 

TMM24512 


^ _ O T- 

§ - er ^ 


EPROM 

TMM27512 

OTP 

TMM24512 

MROM 

TC531000 


■■■ 

■■■ 

■■■ 

■■■ 











































TOSHIBA 


TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES 


1M 

BIT 

MROM 

TC531000 

■ 

■ 

■ 

l 

1 

1 

B 


■ ■ 

■ ■ 





512K 

BIT 

OTP 

TMM24512 
















EPROM 

TMM27512 






~1 










256K 

BIT 

MROM 

TC53257 
















OTP 

TC54256/TMM24256 
















EPROM 

TC57256/TMM27256 


4 - 











_ 


CRAM 

TC55257/TC55256 













“1 


128K 

BIT 

OTP 

TMM24128 


j 













ERPOM 

TMM27128 


ii < - 


o’ O 5 CD* £ O 5 

72 K 
BIT 

H.S. SRAM 

TMM2089/TC5589 


Is g * ? 


-T 1” § § s I § 

64K 

BIT 

CRAM 

TC5563/64/65/88 



, 




Is 






SRAM 

TMM2063/64/88 


IS <3 





Is 






OTP 

TMM2464 


\ A J 












EPROM 

TMM2764 


■ 










16K 

BIT 

H.S. SRAM 

TMM2018 


l 

1 

■ 

1 

1 










< <P (o <" [(J o' C? C? cf Q 5 


1 28 

2 27 

Li l—l LJ LJ LJ U 1—1 l_i i_j i_j «_l LJ 



n. co co w *- o o ■>- cv O 

C < << << << OQO Z 

O 


H.S. SRAM 

TMM2018 















EPROM 

TMM2764 

£ £ 


■ 











OTP 

TMM2464 



Z 

■ 











SRAM 

TMM2063/64/88 















CRAM 

TC5563/64/65/88 

.ji 


' 

■ 



_ 1 

_: 

z 



- 



72K 

BIT 

H.S. SRAM 

TMM2089/TC5589 

coN-tom-^cocsj — o 5 o o § 

C <C <C C < <C C < < > i i ^ 


128K 

BIT 

EPROM 

TMM27128 

j>’ <?f <C* <P -< <C ■< 0*0 O* 


OTP 

TMM24128 















256K 

BIT 

CRAM 

TC55257/TC55256 

< 



z 




□ 







EPROM 

TC57256/TMM27256 















OTP 

TC54 2 56/TMM24256 

t 














MROM 

TC53257 















512K 

BIT 

EPROM 

TMM27512 















OTP 

TMM24512 
















1M 

BIT 

MROM 

TC531000 

_ 










' 

' ' 

' 
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Dynamic RAMs 
















TOSHIBA MOS MEMORY PRODUCTS 


262,144 WORDX1 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TMM41256AP/AT/AZ-10, TM M41256AP/AT/AZ-12 
TM M41256AP/AT/AZ-15 


DESCRIPTION 

The TMM41256AP/AT/AZ is the N-channel dynamic 
RAM organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41256AP/AT/AZ to be 
packaged in a standard 16 pin plastic DIP, 18 pin PLCC 
and 16 pin ZIP. The package size provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. The double 
layered MOS technology with polycide and poly Si 
permits the TMM41256AP/AT/AZ high speed operation. 


FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



TMM41256AP/AT/AZ-10/-12/-15 

RAS Access Time 

100ns/120ns/150ns 

CAS Access Time 

50ns/ 60ns/ 75ns 

Cycle Time 

190ns/220ns/260ns 


• Single power supply of 5V ± 10% with a built-in V BB 
generator 

• Low Power: 

440mW MAX. Operating (TMM41256AP/AT/AZ-10) 
396mW MAX. Operating (TMM41256AP/AT/AZ-12) 
358mW MAX. Operating (TMM41256AP/AT/AZ-15) 
28mW MAX. Standby 


PIN CONNECTION (TOP VIEW) 


TMM41256AP 



TMM41256AT 


cas cr 
v ss ciaj 
A3 [1 
d IN c 2 


d? ° 

ajio. 

5 a 
lo 


LTU U U U 

|il |cn ^ O N 


% 3 A5 
JE 3 A7 
S3 V cc 
3 3 Al 


TMM41256AZ 


e je 


c OUT 

Vss 


ad as 


PIN NAMES 


A0 ~ A8 

Address Inputs 

CAS~ 

Column Address Strobe 

Din 

Data In 

Dout 

Data Out 

RAS“ 

Row Address Strobe 

WRITE 

ReadAA/rite Input 

Vcc 

Power (+5V) 


Vss 


Also, the advanced circuit techniques have realized low 
power dissipation. System oriented features include 
single power supply of 5V ± 10% tolerance, direct inter¬ 
facing capability with high performance logic families 
such as schottky TTL . In a dditio n to the RAS only 
refresh mode and a CAS before RAS automatic refresh are 
available. Another special feature of TMM41256AP/AT/ 
AZ is page mode, allowing the user to access at a high 
data rate. 


• Output unlatched at cycle end allows two-dimensional 
chip selection 

• Common I/O capability using "EARLY WRITE" 

operation _ _ _ 

• Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, and Page Mode capability 

• All inputs and output TTL compatible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP : TMM41256AP 

Plastic Leaded Chip Carrier: TMM41256AT 
Plastic ZIP : TMM41256AZ 


BLOCK DIAGRAM 



— A-3 


Ground 














TMM41256AP/AT/AZ 
TMM41256AP/AT/AZ 


ABSOLUTE MAXIMUM RATINGS 


ITEM 


RATING 

UNITS 


Input and Output Voltage 


-1 ~7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

Operating Temperature 

Topr 

0 ~ 70 

°C 

Storage Temperature 

Tstg 

-55 ~ 150 

°c 

Soldering Temperature* Time 


260*10 

°C*sec 

Power Dissipation 

Pd 

600 

mW 

Short Circuit Output Current 

1 OUT 

50 

mA 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V | H 

Input High Voltage 

2.4 

- 

6.5 

V 

V | L 

Input Low Voltage 

_, 

- 

0.8 

V 


DC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%. Ta = 0 - 70°C) 


SYMBOL 


PARAMETER 







OPERATING CURRENT 
Avera g e Pow er Supply Operating Current 
(RAS, CAS Cycling: t R c = tRcMIN.) 
STANDBY CURRENT 
Powe r S upply Standby Current 

(RAS = CAS = V| H ) _ 

RASONLY REFRESH CURRENT 


TMM41256AP/AT/AZ-10 
TMM41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 


TMM41256AP/AT/AZ-10 


Average Power Supply Current, RAS Only Refresh Mode TMM41256AP/AT/AZ-12 

(RAS Cycling, CAS = V| H - t R c = tRgMIN.) _ TMM41256AP/AT/AZ-15 

PAGE MODE CURRENT TMM41 256AP/AT/AZ-10 

Average Power Supply Current, Page Mode TMM41256AP/AT/AZ-12 

(RAS = Vil , CAS Cycling: tpc = tpc MIN.) TMM41256AP/AT/AZ-15 

CAS BEFORE RAS REFRESH CURRENT TMM41256AP/AT/AZ-10 

Average Power Supply Current, CAS Before RAS ‘ ~~ T" 

D , , . . , TMM41256AP/AT/AZ-12 

Refre s h Mo de . . . . 

(RAS, CAS Cycling, CAS Before RAS: t RC = t RC MIN.) |tmM41 256AP/AT/AZ-15 

INPUT LEAKAGE CURRENT 
Input Leakage Current, any input 

(0V < Vim < 6.5V, ALL Other Pins Not Under Test = 0V) _ 

OUTPUT LEAKAGE CURRENT 
(D OU t is disabled, OV < V OU T < + 5.5V) 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout = ~ 5mA) 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 


- A-4 - 






















































TMM41256AP/AT/AZ-10, TMNI41256AP/AT/AZ 
TMM41256AP/AT/AZ-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


PARAMETER 

Random Read or Write Cycle Time 
Read-Write Cycle Time 


Read-Modify-Write Cycle Time 
Page Mode Cycle Time 


Page Mode Read-Write Cycle Time 


Page Mode Read-Modify Write Cycle Time 
Access Time from RAS 
Access Time from CAS 
Output Buffer Turn-Off Delay 
Transition Time (Rise and Fall) 


TMM41256AP/ TMM41256AP/ TMM41256AP/ 
AT/AZ-10 AT/AZ-12 AT/AZ-15 

MIN. I MAX. MIN. I MAX. MIN. f MAX. 



25 

60 

10 

_ 



CAS Precharge Time 


Page Mode CAS Precharge Time 


Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address Hold Time Reference 
to RAS 

Read Command Set-Up Time 
Read Command Hold Time Reference 
to CAS 

Read Command Hold Time Reference 
to RAS 

Write Command Hold Time 

Write Command Hold Time Reference 

to RAS 

Write Command Pulse Width 
Write Command to RAS Lead Time 


Write Command to CAS Lead Time 
Data-In Set-Up Time 
Data-In Hold Time 

Data-In Hold Time Reference to RAS 
Refresh Period 


Write Command Set-Up Time 
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TMM41256AP/AT/AZ-10, THIHI41256AP/AT/AZ-12 
TMM41256AP/AT/AZ-15 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TMM41256AP/ 

AT/AZ-10 

TMM41256AP/ 

AT/AZ-12 

TMM41256AP/ 

AT/AZ-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tCWD 

CAS to WRITE Delay Time 

30 

- 

40 

- 

50 

— 

ns 

15 

tRWD 

RAS to WRITE Delay Time 

80 

- 

100 

— 

125 

— 

ns 

15 

tCSR 

CAS Set-Up Time (CAS before RAS) 

10 

- 

10 

- 

10 

- 

ns 



CAS Hold Time (CAS before RAS) 

30 

- 

30 

- 

30 


ns 


tRPC 

RAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

B 

ns 


tCPT 

CAS Precharge Time (CAS before 

RAS Counter Test) 

40 

- 

50 

- 

60 

- 

ns 



CAPACITANCE (V cc = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

Cn 

Input Capacitance (A 0 ~A 8 , D|n) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

Co 

Output Capacitance (D 0UT ) 

— 

7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are referenced to V ss . 

3. I cci , I cc 3 i Icc 4 , I cos depend on cycle rate. 

4. I cci < 'cc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/xs is required after power-up followed by any 8 RAS cycles before prop er device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initializa¬ 
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T = 5ns. 

7. V| H (min.) and V tL (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V !H and V iL . 

8. Assumes that t rcd < tRCD (max.). If t rcd is greater than the maximum recommended value shown in this 
table, tRAc will increase by the amount that tRco exceeds the value shown. 

9. Assume that t RCD > t RCD (max.) 

10. Measured with a load equivalent to 2 TTL loads and lOOpF. 

11. t off (max.) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

12. Either t RCH or t RRH must be satisfied for a read cycle. 

13. Operation within the t RCD (max.) limit insures that t RAC (max.) can be met. t RC D (max.) is specified as a 

reference point only: If t RC D is greater than the specified t RC D (max.) limit, then access time is controlled 
exclusively by t CAC . _ 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-write or read-modify-write cycles. 

15. t wcs , t CW o ar| d t R wD are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If t wcs > t wcs (min.), the cycle is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout the entire cycle; If t CWD > t CWD (min.) and t RWD > t RWD (min.), 
the cycle is a read-write cycle or read-modify-write cycle and the data out will contain dataread from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 
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TIMING WAVEFORMS 
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• PAGE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 
262,144 cell locations within the TMM41256AP/AT/ 
AZ are multiplexed onto the 9 address inputs and 
latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. _ 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip . Th e 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the o ccurrence of 
a delayed si gnal derived from the RA S cloc k chain. 
This "gated CAS" feature allows the CAS clock to 
be externally activated as soon as the Row address 
Hold Time specification (t RAH ) has been satisfied 
and the address inputs have been changed from Row 
address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip regis ter by a combination of WRITE 
and CAS wh ile R AS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (D, N ) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the WRITE input is brough t low (active) 
prior to CAS, the D m is strobed by CAS a nd the 
set-up and hold times are refe renced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write c ycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up an d hold t imes are re¬ 
ferenced to the negative edge of WRITE rather than 
CAS. (To illustrate this feature, D, N is referenced to 
WRITE in the timing diagrams depicting the read- 
write and page mode write cycles while the "earl y 
write" cycle diagram shows D iN referenced to CAS). 

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in 


which CAS is active (low). Data read from the select¬ 
ed cell will be available at the output within the 
specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) 
of the TMM41256AP/AT/AZ is the high impedance 
(open circuit) state. This is to say, anytime CAS is 
at a high level, the Dout pin will be floating. The 
only time the output will turn on and contain either a 
logic 0 or logic 1 is at access time during a read cycle. 
D 0 ut will remain valid form access time until CAS is 
taken back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM41256AP/ 
AT/AZ allows for successive memory operations at 
multiple column locations of the same row address 
with increased speed without an increase in power. 
This is done by strob ing th e row address into the chip 
and maintaining the RAS signal at a logic 0 through¬ 
out all successive memory cycles in which the row 
address is common. This "Page Mode" of operation 
will not dissipate the power associated with the 
negative going edge of RAS. Also, the time required 
for strobing in a new row address is eliminated, there¬ 
by decreasing the access and cycle times. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplish¬ 
ed by performing a memory cycle at each of the 256 
row address (AO ~ A7) within each 4 millisecond 
time interval. Although any normal memory cycle 
will perform the refresh operati on, th is function is 
most easily accomplished with "RAS-only" cycles, 
RAS only refresh results in a substantial reduction 
in operating power. This reduction in power is 
reflected in the I C c 3 specification. 


CAS BEFORE R AS R EFRESH 

CAS before RAS refreshing available on the 
TMM41256AP/AT/AZ offers an alternate refresh 
method. If CAS is held on low for the specified 
period (tcsR) before RAS goes to low, on chip re¬ 
fresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation 
takes place. After the refresh operation is performed. 
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the refresh address counter is automatically incre¬ 
mented in preparation for the next CAS before RAS 
refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41256AP/AT/AZ 


is that refresh cycles may be performed while main¬ 
taining valid data at the output pin. This is referred to 
as Hidd en Re fresh. Hidden Refresh is performed by 
holding CAS at V !L and taking RAS high and after 
a specified precharge period (t RP ), executing a CAS 
before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data avail¬ 
ability. 


CAS BEFORE RAS REFRESH COUNTER 
TEST 

The internal refresh operation of TMM41256AP/ 
AT/AZ can be tested by CAS BEFORE RAS RE¬ 
FRESH COUNTER TEST. This cycle performs 
READ/WRITE operation taking the internal counter 
address as row address and the input address as 
column address. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

CD Write "0" into all the memory cells at normal 


write mode. 

(2) Select one certain column address and read "0" 
out and write "1" in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST 
(READ-WRITE CYCLE). Repeat this operation 
256 times. 

(3) Check "1" out of 256 bits at normal read mode, 
which was written at (2)- 

(4) Using the same column as (2), read "1" out and 
write "0" in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, 
which was written at @. 

(§) Perform the above CD to (5) the complement 
data. 
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• Plastic ZIP 


Unit in mm 



2 4 <5 3 10 12 14 Id 


NOTE: Each lead pitch is 1,27mm. All dimensions are in millimeters. 

NOTE: Toshiba does not assume any responsibility for use of any circuitry described; 
no circuit patent licenses are implied, and Toshiba reserves the right, at any 
time without notice, to change said circuitry. 








TOSHIBA MOS MEMORY PRODUCTS 


262,144 WORDXI BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TMM41257AP/AT/AZ-10, TMM41257AP/AT/AZ-12 
TM M41257AP/AT/AZ-15 


DESCRIPTION 

The TMM41257AP/AT/AZ is the N-channel dynamic 
RAM organized 262,144 words by 1 bit. Multiplexed 
address inputs permit the TMM41257AP/AT/AZ to be 
packaged in a standard 16 pin plastic DIP, 18 pin PLCC 
and 16 pin ZIP. The package size provides high system 
bit densities and is compatible with widely available 
automated testing and insertion equipment. The double 
layered MOS technology with polycide and poly Si 
permits the TMM41257AP/AT/AZ high speed operation. 


FEATURES 

• 262,144 words by 1 bit organization 

• Fast access time and cycle time 



TMM41257AP/AT/AZ-10/-12/-15 

RAS Access Time 

100ns/120ns/150ns 

CAS Access Time 

50ns/ 60ns/ 75ns 

Cycle Time 

190ns/220ns/260ns 

Nibble Mode Access Time 

25ns/ 30ns/ 40ns 

Nibble Mode Cycle Time 

50ns/ 60ns/ 70ns 


® Single power supply of 5V ± 10% with a built-in V BB 
generator 
• Low Power: 

440mW MAX. Operating (TMM41257AP/AT/AZ-10) 
396mW MAX. Operating (TMM41257AP/AT/AZ-12) 
358mW MAX. Operating (TMM41257AP/AT/AZ-15) 
28mW MAX. Standby 

PIN CONNECTION (TOP VIEW) 


TMM41257AP 



TMM41257AT 


Ac C IV 

S3 ne 

A 8 c i C 

; n: <2 


jas 

10 JA7 

s 3’A 
S 3 Al 


TMM41257AZ 

Pl'JT 

V 3S 
D :;; 

r A J 
A2 

AS 
A3 


V/Ac 

A 8 


Al ll] 
A 7 i j] 
A4 }S] 


H s 


tus: 


PIN NAMES 


A0 ~ A8 

Address Inputs 

CAS 

Column Address Strobe 

□in 

Data In 

°OUT 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power {+ 5V) 

V SS 

Ground 


Also, the advanced circuit techniques have realized low 
power dissipation. System oriented features include single 
power supply of 5V ± 10% tolerance, direct interfacing 
capacibility with high performance logic families such as 
schottky TTL. In addition to the RAS only refresh mode, 
a CAS before RAS automatic refresh is available. Another 
special feature of TMM41257AP/AT/AZ is nibble mode, 
allowing the user to serially access 4 bits of data at a high 
data rate. 


Output unlatched at cycle end allows two-dimensional 
chip selection 

Common I/O capability using "EARLY WRITE" 

operation _ _ _ 

Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, and Nibble Mode capabili¬ 
ty 

All inputs and output TTL compatible 

256 refresh cycles/4ms 

Package 

Plastic DIP : TMM41257AP 

Plastic Leaded Chip Carrier : TMM41257AT 
Plastic ZIP : TMM41257AZ 

BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 




NOTES 

Input and Output Voltage 



■ 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

t OPR 

0~70 

°c 

1 

Storage Temperature 

Tstg 

-55 ~ 150 

°c 

1 

Soldering Temperature-Time 

t SOLDER 

260 • 10 

°C-sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

!qut 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V| H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V| L 

Input Low Voltage 

-1 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS ( v cc = 5V ± i o%, Ta = o ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 



•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tRc = tRc MIN.) 


_ 

80 

mA 

3,4 

TMM41257AP/AT/AZ-12 

- 

72 

TMM41257AP/AT/AZ-15 

- 

65 

•CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V| H ) 

- 

5 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only 
Refresh Mode 

(RAS Cycling, CAS = V| H : tRc = tRc MIN.) 

TMM41257AP/AT/AZ-10 

- 

70 

mA 

3 

TMM41257AP/AT/AZ-12 

- 

62 

TMM41257AP/AT/AZ-15 


55 

>CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS= V|(_, CAS Cycling: t^gc = tNC MIN.) 

TMM41257AP/AT/AZ-10 


50 

mA 

3,4 

TMM41257AP/AT/AZ-12 

- 

48 

TMM41257AP/AT/AZ-15 

- 

45 

!CC5 

CAS BEFORE RAS REFRESH CURRENT 
Average Power Supply Current, CAS Before 
RAS Refresh Mode (RAS, CAS Cycling, 

CAS Before RAS: tRc = tRc MIN.) 

TMM41257AP/AT/AZ-10 

- 




TMM41257AP/AT/AZ-12 

- 


TMM41257AP/AT/AZ-15 

- 


‘ML) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V V|n < 6.5V, All Other Pins Not Under Test = 0V) 

-10 

n 



>0(L) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, 0V < Vqut ^ +5.5V) 

-10 

1 



V OH 

OUTPUT LEVEL 

Output "H" Level Voltage Rout =— 5mA) 

2.4 

- 

V 


V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AS OPERATING CONDITIONS 

(V cc = 5V ± 10%, Ta = 0~ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TMM41257AP/ 
AT/AZ-10 

TMM41257AP/ 
AT/AZ-12 

TMM41257AP/ 
AT/AZ-15 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

190 

- 

220 

- 

260 

- 

ns 


tRWC 

Read-Write Cycle Time 

200 

- 

240 

- 

285 

- 

ns 


Irmw 

Read-Modify-Write Cycle Time 

220 

- 

260 

- 

310 

- 

ns 


*NC 

Nibble Mode Cycle Time 

50 

- 

60 

- 

70 

- 

ns 


^NRWC 

Nibble Mode Read-Write/Read-Modify 

Write Cycle Time 

75 

- 

90 

- 

105 

- 

ns 


t RAC 

Access Time from RAS 

- 

100 

- 

120 

- 

150 

ns 

8, 10 

tCAC 

Access Time from CAS 

- 

50 

- 

60 

- 

75 

ns 

9, 10 

^NCAC 

Nibble Mode Access Time 

- 

25 

- 

30 

- 

40 

ns 

10 

tOFF 

Output Buffer Turn-Off Delay 

5 

25 

5 

30 

5 

35 

ns 

11 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 

80 

- 

90 

- 

100 

- 

ns 


tRAS 

RAS Pulse Width 

100 

10,000 

120 

10,000 

150 

10,000 

ns 



RAS Hold Time 

50 

- 

60 

- 

75 

- 

ns 



CAS Hold Time 

100 

- 

120 

- 


- 



I *CAS 

CAS Pulse Width 

50 

10,000 

60 

10,000 

75 

10,000 




RAS to CAS Delay Time 

25 

50 

25 

60 


75 

ns 

13 

laui-imy; 

CAS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 



tCPN 

CAS Precharge Time 

15 

- 


- 


- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 


- 

0 

- 



tRAH 

Row Address Hold Time 

15 

- 

mm 

- 

15 

- 

ns 


tASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


fCAH 

Column Address Hold Time 

20 

- 

25 

- 

30 

- 



*AR 

Column Address Hold Time Reference 
to RAS 

70 

- 

85 

- 

105 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time Reference 

to CAS 

0 

- 

0 

- 


- 

ns 

12 

^RRH 

Read Command Hold Time Reference 
to RAS 

10 

■ 

15 

- 


- 

| 

12 

twCH 

Write Command Hold Time 

20 

- 

25 

- 

30 

- 



L/vcr 

Write Command Hold Time Reference 
to RAS 

70 


85 

- 


- 



t W P 

Write Command Pulse Width 

20 


25 

- 

30 

- 

1 


t RWL 

Write Command to RAS Lead Time 

25 

- 

35 

- 

45 

- 



t CWL 

Write Command to CAS Lead Time 

25 

- 

35 

- 

45 

- 

^P 


t DS 

Data-In Set-Up Time 

0 

- 

0 

- 


- 


14 

tDH 

Data-In Hold Time 

20 

- 

25 

- 


- 

PH 

14 

tpHR 

Data-In Hold Time Reference to RAS 

70 

- 

85 

- 

105 

- 



tREF 

Refresh Period 

- 

4 

- 

4 

- 

4 



twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

15 

tcWD 

CAS to WRITE Delay Time 

30 

- 

40 

- 

50 

- 

ns 

15 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 


TMM41257AP/ 

AT/AZ-12 










tRWD 

RAS to WRITE Delay Time 

KB 







15 

tNCAS 

Nibble Mode CAS p ulse Width 

mm 

- 


- 

40 

- 

ns 


tNCP 

Nibble Mode CAS Precharge Time 

15 

- 


- 

20 

- 



tNRRSH 

Nibble Mode RAS Hold Time (Read) 

20 

- 


- 


- 



tNWRSH 

Nibble Mode RAS Hold Time (Write) 

40 

- 


- 

50 

- 

ns 


tNCWD 

Nibble Mode CAS to WRITE Delay Time 

25 

- 


- 

40 

- 

ns 


tNCWL 

Nibble Mode WRITE Command to CAS 

Lead Time 

20 

- 

B 

- 

30 

- 



tCSR 

CAS Set-Up Time (CAS before RAS) 

10 

- 


- 

10 

- 



tCHR 

CAS Hold Time (CAS before RAS) 

30 

- 


- 


- 

ns 


tRPC 

RAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 



CAS Precharge Time (CAS before RAS 
Counter Test) 

40 

H 

50 

B 

60 

- 


B 


CAPACITANCE (V cc = 5V ± 1 0%, f = 1 MHz, Ta = 0 ~ 70°C) 



PARAMETER 

MIN. 

MAX. 

UNITS 

c 11 

Input Capacitance (A 0 ~ A 8 , D| N ) 

- 

5 

pF 

C|2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

_ 

pF 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss- 

3. I cci , Icc 3 , Icc 4 , Icc 5 depend on cycle rate. 

4. I cci - Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200^s is required after power-up followed by any 8 RAS cycles before prop er device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initializa¬ 
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T = 5 ns. 

7. V| H (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V, H and V !L . 

8. Assumes that t RCD < t RCD (max.). If t RCD is greater than the maximum recommended value shown in this 
table, t RAC wi 11 increase by the amount that t RCD exceeds the value shown. 

9. Assumes that tRCD ^ f rcd (max.) 

10. Measured with a load equivalent to 2 TTL loads and 100 pF. 

11. t 0 FF (max.) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

12. Either t RC H or t RRH must be satisfied for a read cycle. 

13. Operation within the t rcd (max.) limit insures that t rac (max.) can be met. t R Ac (max.) is specified as 

a reference point only. If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled 
exclusively by t CAC . _ 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-write or read-modify-write cycles. 

15. t wcs , f cwd ancl 1 rwd are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only. If t wcs > t wcs (min.), the cycle is an early write cycle and the data out 
pin will remain open circuit (high impedance) throughout the entire cycle; If t CWD > t CWD (min.) and 
t rwd ^ Irwd (min.), the cycle is a read-write cycle or read-modify-write cycle and the data out will contain 
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 
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• RE AD-WRITE/RE AD-MODI FY-WRITE CYCLE 
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• NIBBLE MODE READ-WRITE/READ-MODIFY-WRITE CYCLE 
















-1 

c CHB . 


Note: wniTE=Don’t care, AO^A8=Don't care 


• RAS ONLY REFRESH CYCLE 


t BC 




Don t care 


• CAS BEFORE RAS REFRESH CYCLE 


P 77 Don’t care 












TM M41257 flP/AT /AZ- 
TMM41257AP/AT/AZ- 


Iglfc 


I mm i 

Ifel 








I BCTEsBBI 

«&«#< 


> • r ' -. ,, »■« • 


• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 18 address bits required to decode 1 of the 
262,144 cell locations within the TMM41257AP/AT/ 
AZ are multiplexed onto the 9 address inputs and 
latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 9 row address bits into the chip. The 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 9 column address bits into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of 
a delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row address Hold 
Time specification (t RA H ) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an o n-chip register by a combination of WRITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is 
the strobe for the Data In (D !N ) register. This permits 
several optio ns in the write cycle timing. In a write 
cycle, if the W RITE input is brought low (active) 
prior to CAS, the D !N is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data input set-up a nd hold times are 
refere nced to the negative edge of WRITE rather than 
CAS, (T o illustrate this feature, D (N is referenced to 
WRITE in the timing diagrams depicting the read- 
write and nibble mode write cycles while the "early 
write" cycle diagram shows D jN referenced to CAS). 

Data is retrie ved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 


CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (D 0UT ) 
of the TMM41257AP/AT/AZ is the high impedance 
(open circuit) state. This is to say, anytime CAS is 
at a high level, the D 0UT pin will be floating. The 
only time the output will turn on and contain either 
a logic 0 or logic 1 is at access time during a read 
cycle. Dout will remain valid from access time until 
CAS is taken back to the inactive (high level) con¬ 
dition. 

NIBBLE MODE 

Nibble mode operation allows faster successive 
data operation on 4 bits. The first of 4 bits is accessed 
in the usual manner with r ead data c oming out at 
t cac time. By keeping RAS low, CAS can be cycled 
up and then down, to read or write the next three 
pages at high data rate (faster than tcAc)- Row and 
column addresses need only be supplied for the first 
ac cess o f the cycles. From then on, the falling edge 
of CAS will activate the next bit. After four bits 
have been accessed, the next bit will be the same as 
the first bit accessed (wrap-around) method). 

.—-(o, o)—-(o, i)—-d, o)—-(i, i)—i 


Pin one (A 8 ) determines the starting point of the 
circular 4 bits nibble. Row A 8 and column A 8 
provide the two binary bits needed to select one of 
four bits. From then on, successive bits come out in 
a binary fashion; 00 -*■ 01 -*• 10-* 11 with A 8 row 
being the least significant address. 

A nibble cycle can be a read, write, or late write 
cycle. Any combinations of reads and writes or late 
writes will be allowed. In addition, the c ircular 
wrap-around will continue for as long as RAS is kept 
low. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 256 
row address (A 0 ~ A 7 ) within each 4 millisecond 
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time interval. Although any normal memory cycle 
will perform the refresh operation, this function is 
most easily accomplished with "RAS-only" cycles, 
RAS only refresh results in a substantial reduction in 
operating power. This reduction in power is reflected 
in the l C c 3 specification. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM41257AP/AT/AZ offers an alternate refresh 
method. If CAS is held on low for the specified 
period (t C sR) before RAS goes to low, on chip refresh 
control clock generators and the refresh address 
counter are enabled, and an internal refresh operation 


takes place. After the refresh operation is performed, 
the refresh address counter is auto matica lly in¬ 
cremented in preparation for the next CAS before 
RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TMM41257AP/AT/AZ 
is that refresh cycles may be performed while main¬ 
taining valid data at the output pin. This is referred 
to as Hidden Refresh. Hidden Refresh is performed 
by holding CAS at V (L and taking RAS high and after 
a spe cified precharge period (t R ), excuting a CAS 
before RAS refresh cycle, (see Figure below) 


RAS 


CAS 


D OUT 



This feature allows a refresh cycle to be "hidden” 
among data cycles without affecting the data avail¬ 
ability. 


CAS BEFORE RAS REFRESH COUNTER 
TEST 

The internal refresh operation of TMM41257AP/ 
AT/AZ can be tested by CAS BEFORE RAS RE¬ 
FRESH COUNTER TEST. This cycle performs 
READ/WRITE operation taking the internal counter 
address as row address and the input address as 
column address. 

The test i s performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 


CD Write "0" into all the memory cells at normal 
write mode. 

(2) Select one certain column address and read "0" 
out and write "1" in each cell by performing CAS 
BEFORE "RAS REFRESH COUNTER TEST 
(READ-WRITE CYCLE). Repeat this operation 
256 times. 

(3) Check "1" out of 256 bits at normal read mode, 
which was written at (2). 

@ Using the same column as (2). read "1" out and 
write "0" in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, 
which was written at (4). 

(6) Perform the above © to © the complement 
data. 
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OUTLINE DRAWINGS 


• Plastic DIP 



Unit in mm 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect to No. 1 and No. 16 leads. All dimensions are in millimeters. 



Note: Each lead pitch is 1.27mm. All dimensions are in millimeters. 
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• Plastic ZIP 


Unit in mm 



Note: Each lead pitch is 1.27mm. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses 
are implied, and Toshiba reserves the right, at any time without notice, to change said circuitry. 









TOSHIBA MOS MEMORY PRODUCTS 


65.536WORDX4BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 


TM M41464AP/AT/AZ-10, TM M41464AP/AT/AZ-12 
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DESCRIPTION 

The TMM41464AP/AT/AZ is N-chann'el dynamic 
RAM organized 65,536 words by 4 bit. The TMM41464 
AP/AT/AZ utilizes TOSHIBA'S N-channel/Silicon gate 
process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and 
to the system user. 

Multiplexed address inputs permit the TMM41464AP/ 


FEATURES 

• 65,536 words by 4 bit organization 

• Fast access time and cycle time 


DEVICE 

tRAC 

tCAC 

t RC 

TM M41464AP /AT / AZ-10 

100ns 

50ns 

190ns 

TMM41464AP/AT/AZ-12 

120ns 

60ns 

220ns 

TMM41464AP/AT/AZ-15 

150ns 

75ns 

260ns 


Single power supply of 5V ± 10% with a built-in V BB 
generator 


PIN CONNECTION 

TMM41464AP 

OE Vss 

1/01 C 2 17 ] 1/04 
1/02 t 3 16 ] CAS 
WRITE C 4 15 ] 1/03 
RAS [5 14 3 AO 

A6 [ 6 13 3 A1 
A5 [ 7 12 ) A2 

A4 [ 8 111 A3 
VCC [9 10 3 A7 


TMM41464AT 


TMM41464AZ 



$5? 




CAS 

Vss 

1/01 


PIN NAMES 


A0~ A7 

Address Inputs 

CAS 

Column Address Strobe 

1/01 ~ 1/04 

Data Input/Output 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

v cc 

Power (+5V) 

V SS 

Ground 


AT/AZ to be package in a standard 18 pin plastic DIP, 18 
pin PLCC and 20 pin ZIP. The package size provides high 
system bit densities and is compatible with widely avail¬ 
able automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 
10% tolerance, direct interfacing capability with high 
performance logic familes such as schottky TTL. 


• Lower Power: 

440mW MAX. Operating (TMM41464AP/AT/AZ-10) 
396mW MAX. Operating (TMM41464AP/AT/AZ-12) 
358miW MAX. Operating (TMM41464AP/AT/AZ-15) 
28mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
chip selection 

• Read-Modify-Write, RAS only refresh, Hidden refresh, 
CAS before RAS refresh, and Page Mode capability 

• All inputs and outputs TTL compatible 

• 256 refresh cycles/4ms 

• Package 

Plastic DIP : TMM41464AP 

Plastic Leaded Chip Carrier : TMM41464AT 
Plastic ZIP : TMM41464AZ 

BLOCK DIAGRAM 


1/02 I/t>4 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input and Output Voltage 

V IN . VouT 

-1 ~7 

V 

1 

Power Supply Voltage 

V CC 

-1 ~7 

V 

Operating Temperature 

t opr 

0 ~ 70 

°C 

Storage Temperature 

t stg 

-55 ~150 

°c 

Soldering Temperature’Time 

t solder 

260-10 

°C*sec 

Power Dissipation 

Pd 

1 

W 

Short Circuit Output Current 

1 OUT 

50 

mA 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

< 

o 

o 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V| H 

Input High Voltage 

2.4 

- 

6.5 

V 

V | L 

Input Low Voltage 

-1.0 

- 

0.8 

V 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 




1 cct 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS Cycling: tRc = tRcMIN.) 

TMM41464AP/AT/AZ-10 

- 

80 

mA 

3,4 

TMM41464AP/AT/AZ-12 

- 

72 

TMM41464AP/AT/AZ-1 5 

- 

65 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = Vih ) 

- 

5 

mA 


1 CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Refresh Mode 
(RAS Cycling, CAS = V| h : tRc = fRcMIN.) 

TMM41464AP/AT/AZ-10 

- 

70 

mA 

3 

TMM41464AP/AT/AZ-12 

- 

62 

TMM41464AP/AT/AZ-15 

- 

55 

'CC4 

PAGE MODE CURRENT 

Average Power Supply Current, Page Mode 
(RAS = V 11 _, CAS Cycling: tpc = tpc MIN.) 

TMM41464AP/AT/AZ-10 

- 

60 

mA 

3,4 

TMM41464AP/AT/AZ-12 


55 

TMM41464AP/AT/AZ-15 

- 

50 

1 CC5 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode 

(RAS, CAS Cycling, CAS Before RAS: tRc = tRcMIN.) 

TMM41464AP/AT/AZ-10 


70 

mA 

3 

TMM41464AP/AT/AZ-12 


62 

TMM41464AP/AT/AZ-15 

- 

55 

1 l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V < V|N < 6.5V, All Other Pins Not Unter Test = 0V) 

-10 

10 

MA 


'oil) 

OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, 0V < Vqut^ + 5-5V) 

-10 

10 

mA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage 0out = — 5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND 

(V cc = 5V± 10%, Ta = 0 ~ 70°C) (Notes 5,6, 7) 



conditions] 


SYMBOL 

PARAMETER 

TMM41464AP/ 

AT/AZ-10 

TMM41464AP/ 

AT/AZ-12 


UNITS 




MIN. 

MAX. 


K8IBIS1 

t RC 

Random Read or Write Cycle Time 




- 



ns 


1 RMW 

Read-Modify Write Cycle Time 


- 

je%a» 

- 


- 




Page Mode Cycle Time 

100 

- 


- 


- 



1 

Access Time from RAS 

- 




- 


ns 



■ m mu ii 

- 

50 

- 

60 

- 

75 

ns 

9, 10 

tOFF 

Output Buffer Turn-off Delay 

0 

30 

0 

35 

0 

40 

ns 

11 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

80 

- 

90 

- 

100 

- 

ns 


tRAS 

RAS Pulse Width 

100 

10,000 

120 

10,000 

150 

10,000 

ns 


tRSH 

RAS Hold Time 

50 

- 

60 

- 

75 

- 

ns 


tCSH 

CAS Hold Time 


- 

120 

- 

150 

- 

ns 


tCAS 

CAS Pulse Width 


10,000 

60 

10,000 

75 

10,000 

ns 



RAS to CAS Delay Time 


50 

25 

60 

25 

75 

ns 

13 

tCRP 

CAS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 

tCPN 

CAS Precharge Time 

20 

- 

20 

- 

25 

- 

ns 


t CP 

CAS Precharge Time 
(for Page Mode Cycle Only) 

40 

- 

50 

- 

60 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 


- 

15 

- 

15 

- 

ns 


^SC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 



t CAH 

Column Address Hold Time 

20 

- 

25 

- 

35 

- 

ns 


t AR 

Column Address Hold Time Reference 

to RAS 

70 

- 

85 

- 

110 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


^ RCFI 

Read Command Hold Time Reference 
to CAS 

0 

- 

0 

- 

0 

- 

ns 

12 

tRRH 

Read Command Hold Time Reference 

to RAS 

10 

- 

15 

- 

20 

- 

ns 

12 

IWCH 

Write Command Hold Time 

30 

- 

35 

- 

45 

- 

ns 


tWCR 

Write Command Hold Time Reference 
to RAS 

80 

- 

95 

- 

120 

- 

ns 


twp 

Write Command Pulse Width 

30 

- 

35 

- 

45 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

30 

- 

35 

- 

45 

- 

ns 


tcWL 

Write Command to CAS Lead Time 

30 

- 

35 

- 

45 

- 



*DS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 


KM 

t DH 

Data-In Hold Time 

30 

- 

35 

- 

45 

- 


BB 

t DHR 

Data-In Hold Time Reference to RAS 

80 

- 

95 

- 

120 

- 

ns 


t REF 

Refresh Period 

- 

4 

- 

4 

- 

4 

ms 


twcs 

Write Command Set-Up Time 

0 


0 

- 

0 

- 

ns 

15 

t CWD 

CAS to WRITE Delay 

85 


100 

- 

120 

- 

ns 

15 

t RWD 

RAS to WRITE Delay 

135 

- 

160 

- 

195 

- 

ns 

15 

t OEA 

OE Access Time 

- 

25 

- 

30 

- 

40 

ns 

9, 10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TMM41464AP/ 

AT/AZ-10 

TMM41464AP/ 

AT/AZ-12 

TMM41464AP/ 

AT/AZ-15 

UNITS 

NOTES 


MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t OED 

OE to Data Delay 

25 

- 

30 

- 

40 

- 

ns 


n 

Output Buffer Turn-Off Delay Time 
from OE 

0 

25 

0 

30 

0 

40 

ns 


^OEH 

OE command Hold Time 

25 

- 

30 

- 

40 

- 

ns 



CAS Hold Time for CAS Before RAS 

Refresh 

30 

- 

30 

- 

30 

- 

ns 


1 

CAS Set-Up Time for CAS Before RAS 
Refresh 

10 

- 

10 

- 





tRPC 

CAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time for CAS Before RAS 
Counter Test 

20 

- 

25 

- 

35 

- 

ns 


tROH 

OE Command Hold Time 

10 

- 

10 

- 

10 

- 

ns 



CAPACITANCE (V CC = 5V ± 10%, f = 1MHz, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 


UNITS 

CI1 

Input Capacitance (A0 ~ A7) 

— 

5 

pF 

CI2 

Input Capacitance (RAS, CAS, WRITE, OE) 

— 

7 

Co 

Input/Output Capacitance (1/01 ~ 1/04) 

— 

7 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

2. All voltage are referenced to Vss. 

3. I cci, >CC3 . I cc4 . Icc5 depend on cycle rate. 

4. I cci . I cc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jus is required after power-up followed by any 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS Before RAS initializa¬ 
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T = 5 ns. 

7. Vih (min.) and Vil (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V| H and Vn_. 

8. Assumes that t r C d < tR C D (max.). If tRco is greater than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t R cD exceeds the value shown. 

9. Assumes that t RCD > t RCD (max.). 

10. Measured with a load equivalent to 2 TTL loads and 100 pF. 

11. t 0FF (max.) and t 0EZ (max.) define the time at which the output achieves the open circuit condition and 
is not referenced to output voltage levels. 

12. Either t r C h or t RRH must be satisfied for a read cycle. 

13. Operation within the t RC D (max.) limit insures that t RA c (max.) can be met. t RC D (max.) is specified as 
a reference point only: If t rcd is greater than the specified t R cD (max.) limit, then access time is controlled 
exclusively by tcAC- 

14. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-write or read-modify-write cycles. 

'15. t WC s, t C wo and t RW Dare not restrictive operating parameters. They are included in the data sheet as elec¬ 
trical characteristics only. If twcs > twcs (min.), the cycle is an early write cycle and the input/output 
pin will remain open circuits (high impedance) throughout the entire cycle; If tcwp > tcwD (min.) and 
tRWD > t rwd (min.), the cycle is a read-write cycle or read-modify-write cycle and the data out will contain 
data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 
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• READ CYCLE 
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• WRITE CYCLE (OE CONTROLLED WRITE) 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 
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WRITE »IH 
V IL 


I/O 1~ I/O 4 


PAGE MODE WRITE CYCLE 


raS v ih 

V IL 


_ V IH _ 

CAS 

V IL —, 




mm 

BIB 


SBB 


I/O 1~ I/O 4 
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• RASONLY REFRESH CYCLE 



• CAS BEFORE RAS REFRESH CYCLE 


t 'F.C 


CAS 


I/O 1~ I/O 4 


V IK — 
VlL- 

VlH — 
VlL~• 

V 0 H— 

Vql~' 


1 


*RP 


t HPC 


N 


rx 


'CSR 


| _Vrp 


l RAS 


Af 

jf- t F.FC 


l CHR 


l CPN 


/ 


V 


V 


•OFF 


OPEN 


Note: WRITE, OE, AO^ A7=Don 't Care 
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Bn 


• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 


I/01~ I/O 4 


VlH — 


ASC 

“ ’ 


l CAH 








COLUMN 

✓777777777777777777 



1 -^ 

V 

ALID DATA- 

-OUT j 




1 

■ 



• READ-WRITE/READ-MODIFY-WRITE CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM41464AP/AT/ 
AZ are multiplexed onto the 8 address inputs and 
latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the chip . Th e 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 8 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of 
a delayed signal derived from the RAS clock chain. 
This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification (t rah) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

Data Inputs 

Data is written during a write or read-modify-write 
cycle. _ _ 

The falling edge of CAS or WRITE strobes data 
into the on-chip data latches. In an early-write cycle, 
WRITE is brou ght low prior to CAS and the data is 
strobed in by CAS with setup and hold times re¬ 
ferenced to this si gnal. In delayed write or read- 
modify-write cycle, CAS will already be low, thus the 
data will be strobed in by WRITE with setup and 
hold times referenced to this signal. 

In delayed or read-modify-write, OE must be high 
to bring the output buffer to high impedance prior 
to impressing data on the I/O lines. 

Data Outputs 

The three-state output buffers provide direct TTL 
compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-in. The 
outputs are in the high-impedance state until CAS 
is brought low. In a read cycle the outputs go active 
after the access time interval tRAC and toeA are 


satisfied. 

The outputs become valid aft er th e access time has 
elapsed and remains valid which CAS and OE are low. 
CAS or OE going high returns it to a high impedance 
state. In an early-write cycle, the outputs are always 
in the high-impedance state. In a delayed-write or 
read-modify-write cycle, the outputs will follow the 
sequence for the read cycle. 

The OE controls the impedance of the output 
buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a l ogic l ow level, 
the output buffer are enabled. Both CAS and OE 
can control t he o utput. Thus in a read operation, 
either OE or CAS returning high forces the outputs 
into the high impedance state. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplish¬ 
ed by performing a memory cycle at each of the 
256 row address (A 0 ~ A 7 ) within each 4 milli¬ 
second time interval. Although any normal memory 
cycje will perform the refresh opera tion, this function 
is most easily accomplished with "RAS-only" cycles, 
RAS only refresh results in a substantial reduction 
in operating power. This reduction in power is 
reflected in the l CC3 specification. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
TMM41464AP/AT/AZ offers an alternate refresh method. 
If CAS is held on low for the specified period (tcs R ) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh 
address counter is auto matica lly inc reme nted in 
preparation for the next CAS before RAS refresh 
operation. 

PAGE MODE 

The "Page-Mode" feature of the TMM41464AP/ 
AT/AZ allows for successive memory operations at 
multiple column locations of the same row address 
with increased speed without an increase in power. 
This is done by strobing the row address into the 
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chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the 
row address is common. This "Page Mode" of 
operation will not dissipate t he po wer associated with 
the negative going edge of RAS. Also, the time re¬ 
quired for strobing in a new address is eliminated, 
thereby decreasing the access and cycle times. 


HIDDEN REFRESH 

An optional feature of the TMM41464AP/AT/AZ 
is that refresh cycles may be performed while main¬ 
taining valid data at the output pin. This is referred to 
as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vil and taking RAS high and after a 
specified precharge period (t RP ), executing a CAS 
before RAS refresh cycle, (see Figure below) 



This feature allows a refresh cycle to be "hidden" 
among data cycles without affecting the data avail¬ 
ability. 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh ope ratio n of TMM41464AP/ 
AT/AZ can be tested by CAS BEFORE RAS RE¬ 
FRESH COUNTER TEST. This cycle performs 
READ/WRITE operation taking the internal counter 
address as row address and the input address as 
column address. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(T) Write "0" into all the memory cells at normal 


write mode. 

(2) Select one certain column address and read "0" 
out and wr ite "1 " in each cell by performing CAS 
BEFORE RAS REFRESH COUNTER TEST 
(READ-WRITE CYCLE). Repeat this operation 
256 times. 

(3) Check out of 256 bits at normal read mode, 
which was written at (2). 

(4) Using the same column as (2), read "1" out and 
write "0" in each cell performing CAS BEFORE 
"RAS REFRESH COUNTER TEST. Repeat this 
operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, 
which was written at (4). 

(6) Perform the above (T) to (5) to the complement 
data. 
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OUTLINE DRAWINGS 

• Plastic DIP 


18 17 16 15 14 13 12 11 10 



123 45 6789 


Unit in mm 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 

respect to No. 1 and No. 18 leads. All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses 

are implied, and Toshiba reserves the right, at any time without notice, to change said circuitry. 





TMM41464AP/AT/AZ-10, TMM41464AP/AT/AZ-12 
TMM41464AP/ AT/AZ-15 


• Plastic ZIP 


Unit in mm 
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TOSHIBA IHOS MEMORY PRODUCTS 

1,048,576 WORD XI BIT DYNAMIC RAM JC51 1 000P/J/Z-85 , TC51 1 OOOP/J/Z-1 0 
SILICON GATE CMOS TC51 1 000P/J/Z ’ 1 2 


DESCRIPTION 

The TC511000P/J/Z is the new generation dynamic 
RAM organized 1,048,576 words by 1 bit. The 
TC511000P/J/Z utilizes TOSHIBA'S CMOS Silicon gate 
process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC5110OOP/J/Z to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 


FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 




TC511000P/J/Z-85-10-12 

tRAC 

RAS Access Time 

85 ns 

100 ns 

120 ns 

tAA 

Column Address Access 
Time 

45 ns 

50 ns 

60 ns 

tCAC 

CAS Access Time 

25 ns 

25 ns 

30 ns 

tRC 

Cycle Time 

165 ns 

190 ns 

220 ns 

tpC 

Fast Page Mode Cycle 

Time 

50 ns 

55 ns 

70 ns 


• Single power supply of 5V ± 10% with a built-in V BB 
generator 


PIN CONNECTION (TOP VIEW) 


Plastic 


Plastic SOJ 



PIN NAMES 


AO ~ A9 

Address Inputs 

RAS" 

Row Address Strobe 

D iN 

Data In 

d 0UT 

Data Out 

CAS" 

Column Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 


Plastic ZIP 


A 9 

d out 

d in 

RASf 

N.C. 

AO 

A2 

V CC 

A5 

A7 


T L« 

A l! 


Li.3J n 

Mo 


! 7 
SfJ 

fc'gol 


CAS 

V SS 

WRITE 

TF 

A1 

A3 

A4 

A6 

A8 


ZIP. The package size provides high system bit densities 
and is compatible with widely available automated testing 
and insertion equipment. System oriented features 
include single power supply of 5V ± 10% tolerance, direct 
interfacing capability with high performance logic 
families such as Schottky TTL. "Test Mode" function is 
implemented from Revision C. 


• Low Power 

385mW MAX. Operating (TC511000P/J/Z-85) 

330mW MAX. Operating (TC5110OOP/J/Z-10) 

275mW MAX. Operating (TC5110OOP/J/Z-12) 

5.5mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
chip selection 

• Common I/O capability using "EARLY WRITE" 

operation __ _ _ 

• Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, Fast Page Mode and Test 
Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8 ms 

• Package Plastic DIP : TC511000P 

Plastic SOJ : TC511000J 
Plastic ZIP : TC511000Z 


BLOCK DIAGRAM 



— A-51 








TC5110OOP/J/Z-85, TC5110OOP/J/Z-10 
TC5110OOP/J/Z-12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

Y in 

-1 ~ 7 

V 

1 

Test Function Input Voltage 

V IN (TF) 

-1 ~ 10.5 

V 

1 

Output Voltage 

V OUT 

-1 ~7 

V 

1 

Power Supply Voltage 

V CC 

-1 ~7 

V 

1 

Operating Temperature 


0~ 70 

°C 

1 

Storage Temperature 

Tstg 


°C 

1 

Soldering Temperature-Time 


260-10 

°C-sec 

1 

Power Dissipation 

P D 

600 

mW 

1 

Short Circuit Output Current 

1 OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


| SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

< 

o 

o 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V |H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V il 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

VlH (TF) 

Test Enable Input High Voltage 

Vcc +4.5 

- 

10.5 

V 

2 

VlL (TF) 

Test Disable Input Low Voltage 

-1.0 

- 

Vcc + i 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

<CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling : tRc = tRc MIN.) 

TC511000P/J/Z-85 

- 

70 

mA 

3, 4 

TC511000P/J/Z-10 

— 

60 

T C511000P/J/Z-1 2 

- 

50 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = Vih ) 

- 

2 

mA 


'CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = Vm : tRc = tRc MIN.) 

TC511000P/J/Z-85 

— 

70 

mA 

3 

TC511000P/J/Z-10 

— 

60 

TC511000P/J/Z-1 2 

- 

50 

'CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V|l, CAS, Address Cycling: tpc = tpc MIN.) 

TC511000P/J/Z-85 

— 

50 

mA 

3, 4 

TC511000P/J/Z-10 

— 

40 

TC511000P/J/Z-12 

- 

30 

<CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS= CAS = Vcc-0.2 V) 

- 

1 

mA 



CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

TC51IOOOP/J/Z-85 

— 

70 



TC511000P/J/Z-1 0 

- 

60 

RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) 

TC511000P/J/Z-12 

- 

50 

HI 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0V ^ Vin ^ 6.5V, All Other 

Pins Not Under Test = 0V) 


10 

MA 


•lTF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0V ^ Vin (TF) ^ Vcc + 0.5V, All Other Pins Not Under Test = 0V) 

-10 

1 

ma 


'oil) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V ^ Vout ^ 5.5V) 

-10 

1 

D 


Itf 

TEST FUNCTION INPUT CURRENT 
(Vcc + 4.5V ^ Vin (TF) ^ 10.5V) 


H 



V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout =— 5 mA) 

2.4 

- 

V 


v OL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iout = 4.2 mA) 

- 

0.4 

V 
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TC511000P/J/Z-85, TC5110OOP/J/Z-10 
TC5110OOP/J/Z-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(v cc = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC511000P/ 

J/Z-85 

TC511000P 

J/Z-10 

TC511000P/ 

J/Z-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


t RWC 

Read-Write Cycle Time 

190 

- 

220 

- 

255 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

70 

- 

ns 


t PRWC 

Fast Page Mode Read-Write Cycle Time 

75 

- 

85 


105 

- 

ns 

■ ■ 


Access Time from RAS 

- 

85 

- 

100 

- 





Access Time from CAS 

- 

25 

- 

25 

- 

30 

ns 


^AA 

Access Time from Column Address 

- 

45 

- 

50 

- 



8, 14 

*CPA 

Access Time from CAS Precharge 

- 


- 

50 

- 

65 

ns 

8 

■ 

CAS to Output in Low-Z 

5 


5 

- 

5 

- 


8 

mmm 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 



9 

mm 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 


ns 

7 

mmm 

RAS Precharge Time 

70 

- 

80 

- 

90 

- 

ns 


mmm 

RAS Pulse Width 

85 


1IB£ 







RAS Pulse Width (Fast Page Mode) 

85 


■ 






t RSH 

RAS Hold Time 

25 

- 


_ 

30 

- 




CAS Hold Time 

85 

- 


- 

120 

- 



t CAS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 



t RCD 


25 

60 


75 


90 


13 

* RAD 

RAS to Column Address Delay Time 

20 

40 






14 

t CRP 

CAS to RAS Precharge Time 

10 

- 

10 

- 

mm 

- 

ns 


t CP 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

_ 


- 

ns 


T ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 



1 RAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 



IaSC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 



X 

< 

CJ 

Column Address Hold Time 

20 

- 

20 



- 



*AR 

Column Address Hold Time referenced 

to RAS 

65 

- 

75 



- 



tRAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 


- 

1 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

1 


1RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

Irrh 

Read Command Hold Time referenced 
to RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

tWCH 

Write Command Hold Time 

20 

- 

20 


25 

- 

ns 


1WCR 

Write Command Hold Time referenced 

to RAS 

65 

- 

75 

- 

90 

- 

ns 


twp 

Write Command Pulse Width 

20 

- 

20 

- 

25 

— 

ns 


1 RWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

t DH 

Data Hold Time 

20 

- 

20 

- 

25 

- 

ns 

11 

t DHR 

Data Hold Time referenced to RAS 

65 

- 

75 


90 

- 

ns 


^ REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 
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TC511000P/J/Z-85, TC5110OOP/J/Z-10 

TC511000P/J/Z-12 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED 


CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511000P/ 

J/Z-85 

TC511000P/ 

J/Z-10 

TC511000P/ 

J/Z-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

tCWD 

CAS to WRITE Delay Time 

25 


25 

- 

30 

- 

ns 

12 

tRWD 

RAS to WRITE Delay Time 


- 

100 

- 

120 

- 

ns 

12 

t AWD 

Column Address to WR ITE Delay Time 



50 

- 

60 

- 

ns 

12 

^CSR 

CAS Set-Up Time (CAS before RAS 
Cycle) 

10 

- 

10 

- 

10 

- 



tCHR 

CAS Hold Time (CAS before RAS 

Cycle) 

30 

- 

30 

- 

30 

- 



t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


*CPT 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 

50 

- 


- 


- 


■ 

tCPN 

CAS Precharge Time 


- 


- 


- 

ns 


B 

Test Mode Enable Set-Up Time 
referenced to RAS 

0 

- 

0 

- 

0 

_ 


m 


Test Mode Enable Hold Time 

referenced to RAS 

0 

- 

0 

- 

■ 

- 



t TEHC 

Test Mode Enable Hold Time 
referenced to CAS 

0 

- 

0 

- 

■ 

- 
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TC511000P/J/Z-85, TC5110OOP/J/Z-10 
TC511000P/J/Z-12 


CAPACITANCE (V cc = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AO ~ A9, Din ) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE, TF) 


7 

PF 

Co 

Output Capacitance (Dqut ) 

— 

7 

pF 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All Voltages are referenced to Vss . 

3- Icci, Icc 3 < Icc 4 . !cc6 depend on cycle rate. 

4. I cci < 'cc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jus is required after power-up followed by 8 RAS cycles before proper device opera¬ 
tion is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS initialization 
cycles instead of 8 RAS cycles are required. 

6 . AC measurements assume t T = 5ns. 

7. V| H (min.) and V, L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V, H and V, L . 

8 . Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(max.) defines the time at which the output achieves the open circuit condition and is not referenced to 
output voltage levels. 

10 . Either t RCH or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-write cycles. 

12. twcs, t R wD, tcwo and tAwo are not restrictive operating parameters. They are included the data sheet as 
electrical characteristics only. If t W cs ^ twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If t RWD ^ t RWD (min.), t C wD ^ t CWD (min.) and 
t awd^ t A wD(min.), the cycle is a read-write cycle and data out will contain data read from the selected cell: 
If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter¬ 
minate. 

13. Operation within the t RCD (max.) limit insures that t RAC (max.) can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled by 

f CAC • 

14. Operation within the t RAD (max.) limit insures that t RAC (max.) can be met. t RAD (max.) is specified as a 
reference point only: If t RAD is greater than the specified t RAD (max.) limit, then access time is controlled by 
tAA- 
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TIMING WAVEFORMS 
• READ CYCLE 































• READ-WRITE CYCLE 



NOTE: "TF" pin should be connected to Vil (TF) level or open, if "Test Mode" is not used. 





















TF" pin should be connected to Vil (TF) level or open, if "Test Mode" is not used 













































X//A : " H " o r " L 

TF" pin should be connected to Vn_ (TF) level or open, if "Test Mode” is not used. 


© 


























TC511000P/J/Z-85, TC5110OOP/J/Z-10 

TC511000P/J/Z-12 


• RAS ONLY REFRESH CYCLE 



v 0H — 

D'iu't OPEN 

v OL 



"L" 


NOTE: WRITE = "H" or "L", A9 = "H" or "L" 

"TF" pin should be connected to Vil (TF) level'or open, if "Test Mode” is not used. 
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TC511000P/J/Z-85, TC5110OOP/J/Z-10 
TC5110OOP/J/Z-12 


DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = Low level or Hi-Z; Normal 


Truth Table in Test mode Function 


A B C D 

DOUT 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

otherwise 

Hi-Z 


Fig. 1 
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TC511000P/J/Z-8S, 
C5110OOP/J/Z-12 
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ran 


The “Test Mode” function is enable by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the 
“TF” pin for a specified period tTES, tTEHR, and tTEHC as shown in figure 2). It can be used while operating in 
any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF* pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 



V IH(TF) 

V IL(TF) 


z TEHC( 9 ns) 


Fig. 2 Test Mode Cycle 


OUTLINE DRAWINGS 


• Plastic DIP 


18 17 16 15 14 13 12 11 10 



123 45 6789 


Unit: in mm 



+ 0.1 

0.2 5-0.05 


Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to 
No. 1 and No. 18 leads. 

All dimensions are in millimeters. 




















TC5110OOP/J/Z-85, TC5110OOP/J/Z-1 
TC5110OOP/J/Z-12 


Plastic ZIP 





Unit in mm 


1 3 5 7 9 11 13 15 17 19 



2 4 6 8 12 14 16 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 





TOSHIBA MOS MEMORY PRODUCTS 

1,048,576 WORDSXI BIT DYNAMIC RAM TC511000PL/JL/ZL-85, TC511000PL/JL/ZL-10 
SILICON GATE CMOS TC511000PL/JLVZL-12 


DESCRIPTION 

The TC511000PL/JL/ZL is the new generation dyna¬ 
mic RAM organized 1,048,576 words by 1 bit. The 
TC511000PL/JL/ZL utilizes TOSHIBA'S CMOS Silicon 
gate process technology as well as advanced circuit tech¬ 
niques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit 
the TC511000PL/JL/ZL to be packaged in a standard 18 
pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin 


FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 




TC511000PL/JL/ZL- 
85/-10/-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access 

Time 

45ns 

50ns 

60ns 

tCAC 

CAS Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V ± 10% with a built-in V BB 
generator 


PINCONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ 

JS= 



PIN NAMES 


Plastic ZIP 



-. 


A9 

1 ! 7- - 

tz± t [ 2 

ca 2 

Dout 

3 


Tin 


v ss 

■Hi ! 6 

WRITE 

BAS 

9j 

TF 

N.C. 


A0 

u]:T2 

A1 

A2 

Wii 

A3 

V CC 

A5 

[is 

17J r - 

A4 


:-4; 18 

AS 

A7 

19; 


- J [20 

AS 


A0 ~ A9 

Address Inputs 

RAS 

Row Address Strobe 

Din 

Data In 

Dout 

Data Out 

'CAS' 

Column Address Strobe 

WRITE 

Read/Write Input 

V CC 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 
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plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 
10 % tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. "Test 
Mode" function is implemented from Revision C. 


• Low Power 

385mW MAX. Operating (TC511000PL/JL/ZL-85) 
330mW MAX. Operating (TC511000PL/JL/ZL-10) 
275mW MAX. Operating (TC511000PL/JL/ZL-12) 
1.7mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
chip selection 

• Common I/O capability using "EARLY WRITE" 

operation _ _ 

• Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, Fast Page Mode and Test 
Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/64 ms 

• Package Plastic DIP : TC511000PL 

Plastic SOJ : TC511000JL 
Plastic ZIP : TC511000ZL 

BLOCK DIAGRAM —o Vrr 


v ss 

































ITEM 


Input Voltage 


Test Function Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature-Time 


Power Dissipation 


Short Circuit Output Current 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

V CC 


Vih 



_ PARAMETER 

Supply Voltage 


Input High Voltage 


Input Low Voltage 


Test Enable Input High Voltage 


Test Disable Input Low Voltage 


NOTES 


2 



DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0 


PARAMETER 


OPERATING CURRENT 

Avera g e Pow er Supply Operating Current 

(RAS, CAS, Address Cycling: t R c = tpc MIN.) 


STANDBY CURRENT 
Powe r Suppl y Standby Current 
(RAS = CAS = Vih) 


!cc3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = Vih : t R c = tRC MIN.) 

1 GC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = V||_, CAS, Address Cycling: tpc=tpc MIN.) 


TCS11 POOP L/J L/Z L-85 
TC511 POOP L/J L/Z L-10 
TC511000PL/JL/ZL-12 


TC5110OOP L/J L/Z L-85 




TC511 000P L/J L/Z L-12 


TC511000P L/J L/Z L-85 


TC511000P L/J L/Z L-10 





STANDBY CURRENT 
Power Supply Standby Current 
(RAS = CAS = V C c-0.2V) 


CAS BEFORE RAS REFRESH CURRENT TC511000P L/J L/Z L-85 

Aver age Po wer Supply C urrent, CAS Before TC511 POOP L/J L/Z L-io 

RAS Mode (RAS, CAS Cycling: t R c = tRC MIN.) TC511000PL/JL/ZL-12 


BATTERY BACK UP CURRENT 

Aver a ge Pow er Su pply C urrent, BATTERY BACK UP MODE 

CAS = CAS Before RAS Cycling or 0.2V, WRITE = Vcc~0.2V or 0.2V, 

AO ~ 9 = Vcc-0.2V or 0.2V, D, N = V C c-0.2V, 0.2V or OPEN: 

tRC = 125ms, t R AS = tRAS MIN. ~ 1ms) __ 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OV^ Vin ^ 6.5V, All Other Pins 
Not Under Test = OV) 


INPUT LEAKAGE CURRENT (only TF) 

(OV ^ Vin(tf) ^ Vcc + 0.5V, All Other Pins Not Under Test = OV) 


OUTPUT LEAKAGE CURRENT 

(Pout is disabled, OV < Vqut < 5.5V) _ 

TEST FUNCTION INPUT CURRENT 

(Vcc +4.5V^ V in (TF ) < 10.5V) _ 

OUTPUT LEVEL 

Output "H" Level Voltage Oout =—5mA) 


OUTPUT LEVEL 

Output "L" Level Voltage Rout = 4.2mA) 


MAX. UNITS NOTES 


70 I 

mA 3, 
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TC511000PL/JL/ZL-85, TC5110OOPL/JL/ZL-10 
TC5110OOPL/JL/ZL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 6, 7, 8) 


SYMBOL 

PARAMETER 

TC511000PL/ 
JL/ZL-85 

TC511000PL/ 
JL/ZL-10 

TC511000PL/ 
JL/ZL-12 

UNIT 

NOTES 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 



f RC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


tRWC 

Read-Write Cycle Time 

190 

- 

220 

- 

255 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

70 

- 

ns 


t PRWC, 

Fast Page Mode Read-Write Cycle Time 

75 

- 

85 

- 

105 

- 

ns 




Access Time from RAS 


Access Time from CAS 

Access Time from Column Address 

Access Time from CAS Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 
RAS Precharge Time 


RAS Pulse Width 

RAS Pulse Width (Fast Page Mode) 


RAS Hold Time 


CAS Hold Time 


RAS to CAS Delay Time 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time (Fast Page Mode) 
Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced 
to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced 
to RAS 


Write Command Hold Time 

Write Command Hold Time referenced 

to RAS 

Write Command Pulse Width 


Write Command to RAS Lead Time 
Write Command to CAS Lead Time 


Data Set-Up Time 
Data Hold Time 

Data Hold Time referenced to RAS 


Refresh Period 
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TC511000PL/JL/ZL-85, TC511000PL/JL/ZL-10 
TC5110OOPL/JL/ZL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511000PL/ 

JL/ZL-85 

TC511000PL/ 
JL/ZL-10 

TC511000PL/ 
JL/ZL-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

13 

—■ 

CAS to WRITE Delay Time 

WJM 

- 

mm 

- 

30 


ns 

13 

— 

RAS to WRITE Delay Time 


- 


- 

120 


ns 

13 

mmm, 

Column Address to WRITE Delay Time 


- 


- 

60 

- 

ns 

13 

Hi 

CAS Set-Up Time (CAS before RAS 
Cycle) 

B 

- 


- 

10 

- 

ns 


b 

CAS Hold Time (CAS before RAS 

Cycle) 


- 



30 


ns 


■ 

RAS to CAS Precharge Time 

0 

- 



0 

- 

ns 


Hi 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 


- 


- 

1 

- 


H 

■ 

CAS Precharge Time 


- 


- 


- 



B 

Test Mode Enable Set-Up Time 
referenced to RAS 


- 


- 

B 

- 



tTEHR 

Test Mode Enable Hold Time 

referenced to RAS 

0 



- 


- 

ns 

■ ■*! 

^TEHC 

Test Mode Enable Hold Time 
referenced to CAS 

0 

- 

0 

- 

0 

- 
























TC511000PL/JL/ZL-85, TC5110OOPL/JL/ZL-10 
TC5110OOPL/JL/ZL-12 


CAPACITANCE (V cc = 5V ± 10%. f = 1 MHz, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A 0 ~ A 9 , Din ) 

- 

5 

pF 

C 12 

Input Capacitance (RAS, CAS, WRITE, TF) 

- 

7 

pF 

Co 

Output Capacitance (Dqut ) 

- 

7 

pF 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All Voltages are referenced to V ss . 

3. Icci / Icc 3 -'cc 4 - Icc6 - Icc 7 depend on cycle rate. 

4. !cci - Icc 4 depend on output loading. Specified values are obtained with the output open. 

5- t RAS (max.) = 1 ms is only applied to refresh of battery-back up. t RAS (max.) = 10 ms is applied to functional 
operating. _ 

6. An initial pause of 200ms is required after power-up followed by 8 RAS cy cles be fore p roper d evice opera¬ 
tion is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS initialization 
cycles instead of 8 RAS cycles are required. 

7. AC measurements assume t T = 5ns. 

8. Vi H (min.) and Vi l (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V m and V| L . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toFF(max.) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

11. Either t RC H ° r tRRH must be satisfied for a r ead cycle. _ 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-write cycles. 

13. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included the data sheet as 
electrical characteristics only. If twcs > t W cs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If t R wD ^ t R wo(min.), tcwD ^ tcwo(min.) and 
tAWD ^ tAWD(min.), the cycle is a read-write cycle and data out will contain data read from the selected cell: 
If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) is indeter¬ 
minate. 

14. Operation within the t RCD (max.) limit insures that t RA c(max.) can be met. t RC D(max.) is specified as a 
reference point only: If t R cD is greater than the specified t R cD (max.) limit, then access time is controlled by 

tCAC ■ 

15. Operation within the t RAD (max.) limit insures that t RAC (max.) can be met. t RAD (max.) is specified as a 
reference point only: If t RAD is greater than the specified t RAD (max.) limit, then access time is controlled by 

f AA- 
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TC511000PL/JL/ZL-85, TC5110QOPL/JL/ZL-10 
TC5110OOPL/JL/ZL-12 


TIMING WAVEFORMS 



NOTE: "TF" pin should be connected to V jL < TF ) level or open, if "Test Mode" 
is not used. 
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TC5110OOPL/JL/ZL-85, TC511000PI 
TC511000PL/JL/ZL-12 


WRITE CYCLE (EARLY WRITE) 


RAS 


ISaS 


A0~A9 


WRITE 


D IN 


d out 



NOTE: "TF" pin should be connected to V tL ( XF ) level or open, if "Test Mode" 
is not used. 
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TC5110OOPL/JL/ZL-85, TC5110OOPL/JL/ZL-10 
TC5110OOPL/JL/ZL-12 


• READ-WRITE CYCLE 



NOTE: "TF" pin should be connected to V| L ( TF ( level or open, if "Test Mode" 
is not used. 
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TC511000PL/JL/ZL-85, TG5110OOPL/JL/ZL-1 
TC5110OOPL/JL/ZL-12 


X&g&V&i iggggrfgggSJ 




• FAST PAGE MODE READ-WRITE CYCLE 




C CSH 


t RCD 


_ 1 


tPRWC 

) f t RSH 

^CP 

_^CP 




: "H" or "L" 


NOTE: "TF” pin should be connected to V| U (TF > level or open, if "Test Mode' 
is not used. 

























TC511000PI 

TC511000P 


• RAS ONLY REFRESH CYCLE 


WRITE = "H" or "L", A9 = ”H" or "L" 

"TF" pin should be connected to V )L ( TF ) level or open, if "Test Mode' 
is not used. 











TC511000PL/JL/ZL-85, TC511000PL/JL/ZL-1C 
TC5110OOPL/JL/ZL-12 


• CAS BEFORE RAS REFRESH CYCLE 


NOTE: WRITE = "H"or "L", AO ~ A9 = "H" or "L" 

"TF" pin should be connected to V| L < TF ) level or open, if "Test Mode 
is not used. 






TC511000PL/JL/ZL-85, TC51 10OOPL/JL/ZL-10 

TC5110OOPL/JL/ZL-12 


• HIDDEN REFRESH CYCLE (READ) 



NOTE: "TF" pin should be connected to V, L (TF) level or open, if "Test Mode" 

is not used. 
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NOTE: "TF" pin should be connected to V, L ( TF ) level or open, if "Test Mode" 

is not used. 
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TC511000PL/JL/ZL-85. TC511000PL/JL/ZL-10 

TC5110OOPL/JL/ZL-12 


DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = V il(tf) level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

Dout 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

otherwise 

Hi-Z 


Fig. 1 
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OOPL/JL/ZL-1 


TC5110OOPL/JL/ZL-1 


The “Test Mode” function is enable by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the 
“TF’ pin for a specified period tTES. tTEHR, and tTEHC as shown in figure 2). It can be used while operating in 
any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 


TEHC(0 ns) 


TEHR(Ons) 


Fig. 2 Test Mode Cycle 
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TC511000PL/JL/ZL-85, T 






HI 


MSm 




Warn 



TC5110OOPL/JL/ZL-12 


Plastic ZIP 



1 3 5 7 9 11 13 15 17 19 



Unit in mm 



2 4 6 8 12 14 16 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 






OSHIBA MOS MEMORY PRODUCTS 


TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


DESCRIPTION 


The TC511000AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511000AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511000AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 




TC 5110 0 0AP/A J/AZ- 

70/80/10 

c RAC 

RAS Access Time 

70ns 

80ns 

100ns 

t AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

t CAC 

CAS' Access Time 

20ns 

20ns 

25ns 

c RC 

Cycle Time 

130ns 

150ns 

180ns 

c PC 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% with a built 


in VgB generator 
PIN CONNECTION 

Plastic DIP Plastic SOJ Plastic ZIP 



• Low Power 

440mW MAX. Operating(TC511000AP/AJ/AZ-70) 
385mW MAX. Operating(TC511000AP/AJ/AZ-80) 
330mW MAX. Operating(TC511000AP/AJ/AZ-10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY WRITE" 

operation 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511000AP 

Plastic SOJ: TC511000AJ 
Plastic ZIP: TC511000AZ 


BLOCK DIAGRAM 
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TC511000AP/AJ/AZ-70, TCS11000AP/AJ/AZ-80 
TC511000AP/A J/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1^7 

V 

1 

Test Function Input Voltage 


-1^10.5 

V 

1 

Output Voltage 

VOUT 

-1W 

V 

1 

Power Supply Voltage 

V CC 

-1 W 

V 

1 

Operating Temperature 

Topr 

0% 70 

°C 

1 

Storage Temperature 

TsTG 

-55 ^150 

°C 

1 

Soldering Temperature • Time 


260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

HESSHBI 

WSEM 

MAX. 

UNIT 

NOTES 

vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

uSmwM 

Test Enable Input High Voltage 

VcC+4.5 

- 

10.5 

V 

2 

Bosnia 

Test Disable Input Low Voltage 

-1.0 

- 

V CC+1.0 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc =5v±10 %> Ta=0^7Q°C) 


SYMBOL 

PARAMETER 


Baa 



Pcci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC^tRC MIN.) 

TC51 lOOOAP/AJ/AZ -VO 

- 


mA 

3,4 

TC511000AB/AX/AZ-80 

- 

MEM 

TC511000AE/AT/A Z -10 

- 


PCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=VlH) 

■ 

2 

mA 


X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS^Vipp tRc=tRc MIN.) 

TC511000AE/AJ/A2-V0 

- 

mm 

mA 

3 

TC511000AE/AT/A2-80 

- 

mm 

TC511000AB/AJ/A2-10 

- 

mm 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fas Page Mode 
(RAS=ViLj CAS, Address Cycleing: tpc=tpc MIN.) 

TC511000AE/AT/AZ-70 

- 

mm 

mA 

3,4 

TC511000AE2KAJ/A2-80 

- 

mm 

TC5UC00A£hAJ/AZ-10 

- 

40 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V cc -0.2V) 

■ 

1 

mA 

■ 

ICC6 

CAS BEFORE RAS REFRESH CURRENT_ 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycleing: tpc =t RC MIN.) 

TC511000AB/AT/AZ-70 


El 

mA 

3 

TC511000A^AJ/AZ'80 


MEM 

TC511000AE/AT/AZ-10 

_ 

w&m 

I I(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0V i Vj N 1 6.5V, All Other 
Pins Not Under Test=0V) 



VA 

■ 

X ITF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0V 4 Vin(TF) 4 VCC+0.5V, All Other Pins Not Under Test=0V) 





I 0(L) 

OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, 0V^ VouT - 5.5V) 

-10 

10 

UA 

I 

X TF 

TEST FUNCTION INPUT CURRENT 
(V C c+4.5Vi V IN (TF) 4 10.5V) 

- 

i 

mA 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = ~5roA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IqUT^• 2mA) 

- 

0.4 

V 



- A-92 — 
























































































































[ll'Ill 


rnwms 


w 




m 




PARAMETER 


Random Read or Write Cycle Time 


Read-Write Cycle Time 


Fast Page Mode Cycle Time 


Fast Page Mode Read-Write Cycle 
Time 


TC511000AP/ 

AJ/AZ-70 


TC511000AP/ 

AJ/AZ-80 


TC511000AP/ 

AJ/AZ-10 



fc RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

t CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

C AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 



Access Time from CAS Precharge 


CAS to Output in Low-Z j 


Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time j 


RAS Pulse Width j 


RAS Pulse Width (Fast Page Mode)! 


RAS Hold Time j 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time. 



70 10,000 


70 100,000 


80 


80 100,000 


20 

ns 

9 

50 

ns 

7 

- 

ns ! 

i 


10,000 

ns 



100 100,000 ns 


80 

- 

100 

- 

UW7 



10,000 

20 

10,000 


10,000 

50 

20 

60 

25 

75 

35 

15 

i 

40 ! 

20 

50 


ns I 13 


ns 14 


CAS to RAS Precharge Time 

5 

CAS Precharge Time 
(Fast Page Mode) 

i 10 

Row Address Set-Up Time 

0 

Row Address Hold Time 

10 

Column Address Set-Up Time 

0 

Column Address Hold Time 

15 

Column Address Hold Time 
referenced to RAS 

55 

Column Address to RAS Lead Time 

35 

Read Command Set-Up Time 

0 

Read Command Hold Time 

0 



75 

- 

ns 

50 

- 

ns 

0 

- 


0 

- 
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TC511000AP/AJ/AZ-70 
TCS110OOAP/AJ/AZ-10 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 



TC511000AP/ 

AJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 




Read Command Hold Time 
referenced to RAS 


t WCH I Write Command Hold Time 


t Write Command Hold Time 

referenced to RAS 


Write Command Pulse Width 


>. Write Command to RAS Lead 

RWL Time 


Write Command to CAS Lead 
c CWL Time 


tps Data Set-Up Time 


tnu Data Hold Time 


RAS 


C REF Refresh Period 


15 


20 

- 

ns 

11 



c WCS 

Write Command Set-Up Time 

0 

c CWD 

CAS to WRITE Delay Time 

20 

c rwd 

RAS to WRITE Delay Time 

70 

C AWD 

Column Address to WRITE Delay 
Time 

35 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

tCHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

t RPC 

RAS to CAS Precharge Time 

0 

tCPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

40 

t CPN 

CAS Precharge Time 

10 


t TEHR 

Test Mode Enable Hold Time 

referenced to RAS 

1 

0 

t TEHC 

Test Mode Enable Hold Time 

referenced to CAS 

0 


I 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


s 12 


12 


ns 12 



SYMBOL 

PARAMETER 

Oil 

Input Capacitance (A0^ A9, Dim) 

C I2 

Input Capacitance (RAS, CS, WRITE, TF) 

Co 

Output Capacitance (Dqut) 


MAX. 

UNIT 

5 

pF 

7 

7 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- I CC1* I CC3* I CC4’ I CC6 de P end ° n c 7 cle rate * 

4. Icci» d CC4 de P end on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal ref res h 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp=5ns. 

7. VjyCmin.) and V-^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vpp and Vpp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max «) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. t^jQs, tpyp, tpyp and t^yp are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If tycs= c WCS 

(min.), the cycle is an early wirte cycle and data out pin will remain open 

circuit (high impedance) through the entire cycle; If tRyp= tRyp(min.), 

c CWD - tCWD( mdn *) and bAWD - tAWE)( mdn *) » the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCp(max.) limit insures that tRAc(max.) can be met. 
tRcp(ma x .) is specified as a reference point only: If tR^p is greater than the 
specified tRQp(max.) limit, then access time is controlled by t^o 

14. Operation within the tR i ^p(max.) limit insures that tRAC( max -) can be met. 
t RAD ( max .) is specified as a reference point only: If tR^D ds greater than the 
specified. tR AD (max.) limit, then access time is controlled by t^. 
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TC5110OOAP/AJ/AZ-10 

TIMING WAVEFORMS 






READ CYCLE 


t RGD 

- i 

t AR 


L RAD | 



I t RCH 


t RRH 


i VALID DATA I 


Y//X \ "H" or "L” 

TF" pin should be connected to Vjl(TF) level or open, if 
Test Mode” is not used. 















WRITE CYCLE (EARLY WRITE) 



TE" pin should be connected to Vjl(TF) level or open, if 
Test Mode" is not used. 


















h^mmsms 


TC5110OOAP/AJ/AZ-7 
TC5110OOAP/AJ/AZ-I 


READ-WRITE CYCLE 

















'TF" pin should be connected to Vjl(TF) level or open, if 
'Test Mode" is not used. 

















w 


"TF" pin should be connected to Vj^(TF) level or open 
"Test Mode" is not used. 






























































TC5110OOAP/A J/AZ-1 




HIDDEN REFRESH CYCLE (READ) 


'RAH ^ASC C CAH 



t CHR 


-a 


VALID DATA 


Y//Ji : "H" or "L" 


'TF" pin should be connected to V^CTF) level or open, if 
'Test Mode" is not used. 

















TC511000AP/AJ/AZ-70 
TC5110OOAP/flJ/flZ-10 


HIDDEN REFRESH CYCLE (WRITE) 


VALID DATA 


'TF" pin should be connected to Vjl(TF) level or open, if 
Test Mode" is not used. 





















Issvvy 'i 


TC511000AP/AJ/AZ-7Q 
TC5110OOAP/AJ/AZ-10 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 




WRITE CYCLE 


v IL ~ 
V IH — 


IN 

L v il — 

READ-WRITE CYCLE 


■Bll 




: "H" or "L" 


t OWD t WP 


VALID DATA 




TF" pin should be connected to Vjl(TF) level or open, if 
Test Mode" is not used. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000A/1A/2A is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bit. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 

Block Diagram in Test Mode 


An, Am 



TF Pin=Super voltage; Test Mode 
TF Pin=Vx| j (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

d 0UT 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the 
“TF” pin for a specified period (tTES, tTEHR, and tTEHC as shown in figure 2). It can be used while operating 
in any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF’ pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 


V IH 

BAS 

V IL 


CAS 


V IH 

V IL 


v ih(tf) 

TF 

V IL(TF) 



Fig.2 Test Mode Cycle 




OflP/AJ/flZ-7 

OAP/AJ/AZ-1 


OUTLINE DRAWINGS 


Unit in mm 


Each lead pitch is 2.54mm. 

All leads are located within 0.2£mm of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 

















Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 


















TOSHIBA MOS MEMORY PRODUCTS 

TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-8O 
D „, PIPTI0N TC5110OOAPL/AJL/AZL-10 


The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The 
TC511000APL/AJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC511000APL/AJL/AZL to be packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 
20/19 pin plastic ZIP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V±10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 


! TC5UC00AP/AJ..-AZ-70XS0/10 

c RAC PvAS Access Time 

70ns 

80ns 

100ns 

Column Address 
Access Time 

35ns 

40ns 

50ns 

t CAC CAS Access Time 

20ns 

20ns 

25ns 

t RC Cycle Time 

130ns 

150ns 

180ns i 

_ Fast Page Mode 

Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±1Q% with a built- 


in Vgg generator 


Low standby current : 200,uA max. 

Extended Refresh Period : 512 cycles/64ms 

Low Power 

440mW MAX. Operating (TC511000APL/AJL/AZL-70) 
385mW MAX. Operating (TC511000APL/AJL/AZL-80) 
330mW MAX. Operating (TC511000APL/AJL/AZL-10) 
1.1 mW MAX. Standby 

Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, and Fast Page Mode 
capability 

All inputs and outputs TTL compatible 


PIN CONNECTION 

Plastic DIP 



Plastic SOJ 
cih-r 


PIN NAMES 


Plastic ZIP 





AO 'v A9 

Address Inputs 

RAS 

Row Address Strobe 

Din 

Data In 

d out 

Data Out 

CaS 

Column Address Strobe 

TvRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

TP 

Test Function 

N.C. 

No Connection 


BLOCK DIAGRAM 



-0.1 CIO c 
CEKEFATGr 


I' 

sg 

_ m 


512 

MEMORY 

ARRAY 

-— 



SUBSTRATE BIAS 
jENERATO r 
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TOSHIBA MOS MEMORY PRODUCTS 

1,048,576 WORDX1 BIT DYNAMIC RAM TC511001P/J/Z-85, TC511001P/J/Z-10 
SILICON GATE CMOS TC511001P/J/Z-12 


DESCRIPTION 

The TC511001P/J/Z is the new generation dynamic 
RAM organized 1,048,576 words by 1 bit. The 
TC511001 P/J/Z utilizes TOSHIBA'S CMOS Silicon gate 
process technology as well as advanced circuit techniques 
to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the 
TC511001 P/J/Z to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities 

FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 



TC511001 P/J/Z-85-10-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

tAA 

Column Address Access 
Time 

45ns 

50ns 

60ns 

tCAC 

CAS Access Time 

30ns 

35ns 

40ns 

t RC 

Cycle Time 

165ns 

190ns 

220ns 

t NCAC 

Nibble Mode Access 

Time 

20ns 

20ns 

25ns 

t NC 

Nibble Mode Cycle 

Time 

40ns 

40ns 

50ns 


• Single power supply of 5V + 10% with a built-in V BB 
generator 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 
d in tf 


Plastic SOJ 


Plastic ZIP 



d out 


PIN NAMES 


3 • J:;: 

Lf. 

5 ! r- 

CAS 

v ss 

* : i L®. 

WRITE 

7 ■ r - - 


-•-iL?. 

TF 

9 ; 


"’n 


j? 

A1 

= k- 

A3 

1_5j lifi 

A4 

- 1 --/ s? 

A 6 


A8 


A0 ~ A9 

Address Inputs 

CAS 

Column Address Strobe 

Din 

Data In 

d out 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 


and is compatible with widely available automated testing 
and insertion equipment. System oriented features 
include single power supply of 5V ± 10% tolerance, 
direct interfacing capability with high performance logic 
families such as Schottky TTL. The special feature of 
TC511001 P/J/Z is nibble mode, allowing the user to 
serially access 4 bits of data at a high data rate. "Test 
Mode" function is implemented from Revision C. 


• Low Power: 

385mW MAX. Operating (TC511001 P/J/Z-85) 

330mW MAX. Operating (TC511001 P/J/Z-10) 

275mW MAX. Operating (TC511001 P/J/Z-12) 

5.5mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
clip selection 

• Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, Nibble Mode and Test 
Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Packing Plastic DIP: TC511001P 

Plastic SOJ: TC511001J 
Plastic ZIP : TC511001Z 

BLOCK DIAGRAM 


d IN d OUT 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1~7 

V 

1 

Test Mode Input Voltage 

V IN(TF) 

-1 ~ 10.5 

V 

1 

Output Voltage 

VoUT 

-1-7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

Topr 

0~70 

°C 

1 

Storage Temperature 

Tstg 

-55 ~150 

°C 

1 

Soldering Temperature*Time 

Tsolder 

260*10 

°C*sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

Vih 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V | L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

V|H(TF) 

Test Enable Input High Voltage 

v cc + 4 - 5 

- 

10.5 

V 

2 

VlL(TF) 

Test Disable Input Low Voltage 

-1.0 

- 

V cc +1.0 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c= 5 ± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC = tRcMIN.) 

TC511001 P/J/Z-85 

— 

70 

mA 

3, 4 

TC511001 P/J/Z-10 

- 

60 

mA 

TC511001 P/J/Z-12 

- 

50 

mA 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = Vih) 

- 

2 

mA 

3 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V|n : t rc = tRcMIN.) 

TC511001 P/J/Z-85 

— 

70 

mA 

3 

TC511001 P/J/Z-10 

- 

60 

mA 

TC511001 P/J/Z-12 

- 

50 

mA 

!CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS = V||_ , CAS Cycling: t|\ic= t^cMIN.) 

TC511001 P/d/Z-85 


50 

mA 

3, 4 

TC511001 P/J/Z-10 

- 

40 

mA 

TC511001 P/J/Z-12 

~ 

30 

mA 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = Vcc-0.2V) 


1 

mA 


1 CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tRc = tRcMIN.) 

TC511001 P/J/Z-85 

- 

70 

mA 

3 

TC511001 P/J/Z-10 

- 

60 

mA 

TC511001 P/J/Z-12 

- 

50 

mA 

1 l(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0V ^ V|n^ 6.5V, 

All Other Pins Not Under Test = 0V) 

-10 

10 

MA 


l ITF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0V ^ V IN (TF ) ^ VCC + 0.5V. All Other Pins Not Under Test = OV) 

-10 

10 

/uA 


! 0(L) 

OUTPUT LEAKAGE CURRENT 
(DouTis disabled, 0V ^ VouT ^ 5.5V) 

-10 

10 

;uA 


Itf 

TEST FUNCTION INPUT CURRENT 
(Vcc + 4.5V ^ Vin(TF) < 10.5V) 

- 

1 

mA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout = — 5mA) 

2.4 


V 


VqL 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V cc = 5V ± 10%, Ta = 0~ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC511001P/ 

J/Z-85 

TC511001P/ 
J/Z-10 

TC511001P/ 

J/Z-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


tRWC 

Read-Write Cycle Time 

190 

- 

220 

- 

255 

- 

ns 


t NC 

Nibble Mode Cycle Time 

40 

- 

40 

- 

50 

- 

ns 


tNRMW 

Nibble Mode Read-Write Cycle Time 

65 

- 

65 

- 

80 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

100 

- 

120 

ns 

8, 13 

1CAC 

Access Time from CAS 

- 

30 

- 

35 

- 

40 

ns 

8, 13 

t AA 

Access Time from Column Address 

- 

45 

- 

50 

- 

60 

ns 

8, 14 

tNCAC 

Nibble Mode Access Time 

- 

20 

- 

20 

- 

25 

ns 

8 

1CLZ 

CAS to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

8 

tOFF 

Output Buffer Turn-Off Delay 

0 

30 

0 

30 

0 

35 

ns 

9 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 

70 

- 

80 

- 

90 

- 

ns 


tRAS 

RAS Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


1 RSH 

RAS Hold Time 

30 

- 

35 

- 

40 

- 

ns 


tCSH 

CAS Hold Time 

85 

- 

100 

- 

120 

- 

ns 


1 CAS 

CAS Pulse Width 

30 

10,000 

35 

10,000 

40 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

25 

55 

25 

65 

25 

80 

ns 


t RAD 

RAS to Column Address Delay Time 

20 

40 

20 

50 

20 

60 

ns 

14 

1CRP 

CAS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 


tCPN 

CAS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 


0 

- 

ns 


t RAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


1ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t AR 

Column Address Hold Time referenced 
to RAS 

65 

- 

75 

- 

90 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

60 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time referenced to 

CAS 

0 

- 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time referenced to 

RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

1WCH 

Write Command Hold Time 

20 

- 

20 

- 

25 


ns 


1WCR 

Write Command Hold Time referenced to 
~RAS" 

65 

- 

75 

- 

90 

- 

ns 


tWP 

Write Command Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


Irwl 

Write Command to RAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


t DS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

t DH 

Data-In Hold Time 

20 

- 

20 

- 

25 

- 

ns 

11 

tDHR 

Data-In Hold Time referenced to RAS 

65 

- 

75 

- 

90 

- 

ns 


1 REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511001P/ 

J/Z-85 

TC511001P/ 

J/Z-10 

TC511001P/ 

J/Z-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

1 CWD 

CAS to WRITE Delay Time 

30 

- 

35 

- 

40 

- 

ns 

12 

t RWD 

RAS to WR ITE Delay Time 

85 

- 

100 

- 

120 

~ 

ns 

12 

t AWD 

Column Address to WR ITE Delay Time 

45 

- 

50 

_ 

60 

- 

ns 

12 

tcSR 

CAS Set-Up Time (CAS before RAS) 

10 

- 

10 

~ 

10 

- 

ns 


t CHR 

CAS Hold Time (CAS before RAS) 

30 

- 

30 


30 

- 

ns 


f RPC 

RAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time (CAS before RAS 
Counter Test) 

50 

- 

50 

- 

60 

- 

ns 


t|MCAS 

Nibble Mode Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


tNCP 

Nibble Mode CAS Precharge Time 

10 

- 

10 

- 

15 

- 

ns 


Inrsh 

Nibble Mode RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


tNCWD 

Nibble Mode CAS to WRITE Delay Time 

20 

- 

20 

- 

25 

- 

ns 


tNRWL 

Nibble ModeWRITE Command to RAS 

Lead Time 

20 

1 

20 

- 

25 

- 



^NCWL 

Nibble Mode WRITE Command to CAS 

Lead Time 

20 

- 

20 

- 

25 

- 

ns 


tTES 

Test Mode Enable Set-Up Time referenced 
to RAS 

0 

- 

0 

- 

0 

- 

ns 


iTEHR 

Test Mode Enable Hold Time referenced 
to RAS 

0 

- 

0 

- 

0 

- 

ns 


tTEHC 

Test Mode Enable Hold Time referenced 
to CAS 

0 

- 

0 

- 

0 

- 

ns 



CAPACITANCE ( Vqc = 5V ± 10%, f = 1MHz, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance (A 0 ~ A 9 , Din ) 

~ 

5 

pF 

C|2 

Input Capacitance (RAS, CAS, WRITE, TF) 


7 

PF 

Co 

Output Capacitance (Dqut ) 

- 

7 

PF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. Ail Voltages are referenced to V ss . 

3. I cci - Icc3. !cc 4 . Icc6 depend on cycle rate. 

4. I cci . I cc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200jus is required after power-up followed by any 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS initializa¬ 
tion cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tj = 5ns. 

7. V| H (min.) and V !L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V (H and V IL . 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(rnax.) define the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

10. Either t RCH or t. RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-write cycles. 

''2. t WC s- t RWD . tcvvD and Uwo are not restrictive operating parameters. They are included in the data sheet as 
electrical characteristics only. If t wcs > t wcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) throughout the entire cycle; If t RV vD i Irwd (min.), tcwD § tcwD 
(min.) and t AWD ^ t A wD (min.), the cycle is a read-write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

13. Operation within the t RC D(max.) limit insures that t RAC (max.) can be met. t RCD (max.) is specified as a 
reference point only: If t rcd is greater than the specified t RC D (max.) limit, then access time is controlled by 
tCAC. 

14. Operation within the t RAD (max.) limit insures that t RAC (max.) can be met. t RAD (max.) is specified as a 
reference point only: If t RAD is greater than the specified t RAD (max.) limit, then access time is controlled by 

t AA- 
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TIMING WAVEFORMS 


• READ CYCLE 

\ c RC 

\ 

\ 

1 t RAS 

J . 

- V IH - ^ 

RAS 

VlL — 

t AR 

■ 


t_- ■■ ■— a 

C RP 

C CSH 




t CRP 

4 — 

t RCD 


t BSH 


C CRP | 

_ V IH - 

CAS / 

V IL --' 

T 

C ASR 


C RAD 

'\N 

r.— 

tCAS 


1 / 

c- 

t RAL 



,' t RAH 

t ASC 

t CAH 





— r :m 

ADDRESS )^///)( 

COLUMN 

ADDRESS 

wm/mm 

'll, 7 


t RCSj 


I 


| r RRH | 




i | 

Trch 

7/77777777/77/7 


t CAC j 

'■ t AA 



W//// 


L_1 

t RAC 



'////// 


, t CLZ 

! 

—i 

-i 


~ V OH 

L_ J 

m 

--a| 

VALID DATA ! 

E=_ 1 

K 

"OUT \j 

v 0 L — 1 

( 


• WRITE CYCLE (EARLY WRITE) 



NOTE: "TF" pin should be connected to Vh_( T f> level or open, if "Test Mode" is not used 
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TC511001P/J/Z-8 
TC511001P/J/Z-1, 




t RSH 


t CAS 


! t ASC TCAH 


t RAL 


t AR 


NOTE: "TF" pin should be connected to V| L(TF ) level or open, if "Test Mode' 
is not used. 


C RCD 


• READ-WRITE CYCLE 


_ v IH 

RAS 

VlL 


t RWC 


t RAS 


VALID DATA 


VALID 

DATA 



































• NIBBLE MODE READ-WRITE CYCLE 




TC511001P/J/Z-85, TC511001P/J/Z-10 
TC511001P/J/Z-12 



NOTE: "TF" pin should be connected to V )L ( TF) level or open. 
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• RAS ONLY REFRESH CYCLE 



d out 


v OH — 

v 0 l — 


OPEN 


VA ' "H" or "L' 


NOTE: WRITE = "H" or "L" ( A9 = "H" or "L" 


• CAS BEFORE RAS REFRESH CYCLE 



NOTE: WRITE = "H" or "L", AO ~ A9 = "H" or "L" 

"TF" pin should be connected to V| L(TF) level or open, if ''Test Mode" 
is not used. 










TC511001P/J/Z-85, TC511001P/J/Z-10 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 



: "H” or "L" 


NOTE: "TF” pin should be connected to V| L ( T f) level or open, if "Test Mode' 
is not used. 



















wmmwm 



• HIDDEN REFRESH CYCLE (WRITE) 



NOTE: "TF" pin should be connected to V| L(TF) level or open, if "Test Mode" 
is not used, 
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APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 
1,048,576 cell locations within the TC511001P/J/Z 
are multiplexed onto the 10 address inputs and 
latched into the on-chip address latches by externally 
applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 10 row address bits into the chi p. Th e 
second clock, the Column Address Strobe (CAS), 
subsequently latches the 10 column addr ess bit s into 
the chip. Each of these signals, RAS, and CAS, 
triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically 
in such a way that the address multiplexing operation 
is done outside of the critical path timing sequ ence 
for read data access. The later events in the CAS 
clock sequence are inhibited until the occurrence of 
a delayed signal derived from the RAS clock chain. 
This "gated CAS” feature allows the CAS clock to be 
externally activated as soon as the Row Address Hold 
Time specification Urai-i) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WRITE 
and CAS w hile RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (D !N ) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the W RITE input is brought low (active) 
prior to CAS, the D )N is strobed by C AS a nd the 
set-up and hold times are re feren ced to CAS. If the 
input data is not available at CAS time or if it is de¬ 
sired that the cycle is a read-write cycle, the WRITE 
signal will be delayed until after CAS has made its 
negative transition. In this "delayed write cycle" 
the data input set-up and hold times are refer enced 
to the negative edge of WRITE rather than CAS. 
(To illustrate this feature, D !N is referenced to 
WRITE in the timing diagrams depicting the read- 
write and nibble mode write cycles while the "earl y 
write" cycle diagram shows D| N referenced to CAS). 

Data is retrieved from the memory in a read cycle 
by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which 


CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 


DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) 
of the TC511001 P/J/Z is the high i mped ance (open 
circuit) state. This is to say, anytime CAS is at a high 
level, the Dqut pin will be floating. The only time 
the output will turn on and contain either a logic 0 
or logic 1 is at access time during a read cycle. Dout 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive 
data operation on 4 bits. The first of 4 bits is accessed 
in the usual manner with read data coming out at 
tcAc time. By keeping RAS low, CAS can be cycled 
up and then down, to read or write the next three 
pages at high data rate (faster than tcAc). Row and 
column addresses need only be supplied for the first 
access of the cycles. From then on, the falling edge of 
CAS will activate the next bit. After four bits have 
been accessed, the next bit will be the same as the 
first bit accessed (wrap-around method). 


F 


( 0 , 0 )-* ( 0 , 1 ) ( 1 , 0 )-» ( 1 , 1 ) 




Address A9 determines the starting point of the cir¬ 
cular 4 bits nibble. Row A9 and column A9 provide 
the two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary 
fashion; 00 01 -> 10 -> 11 with A9 row being the 

least significant address. 

A nibble cycle can be a read, write, or delayed 
write cycle. Any conbinations of reads and writes or 
late writes will be allowed. In addition, the circular 
wrap-around will continue for as long as RAS is kept 
low. 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished 
by performing a memory cycle at each of the 512 
row address (A0 ~ A8) within each 8 millisecond 
time interval. Although any normal memory cycle 


— A-127 - 



TC511001P/J/Z-85, TC511001P/J/Z-10 

TC511001P/J/Z-12 


will perform the refresh operation, this function is 
most easily accomplished with "RAS-only" cycles. 


CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the 
T C511 001P/J/Z offers an alternate refresh method. 
If CAS is hel d on low for the specified period Ucsr) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh 
address counter is automatically incremented in 


perparation for the next CAS before RAS refresh 
operation. 

HIDDEN REFRESH 

An optional feature of the TC511001 P/J/Z is that 
refresh cycles may be performed while maintaining 
valid data at the output pin. This referred to as 
Hidden Refresh. Hidden Refresh is performed by 
holding CAS at Vn_ and taking RAS high and after 
a specified precharge period (t RP ), executing a CAS 
before RAS refresh cycle, (see Figure below) 


MEMORY CYCLE. , REFRESH CYCLE , REFRESH CYCLE 



This feature allows a refresh cycle to be “hidden'' 
among data cycles without affecting the data avail¬ 
ability. 


CAS BEFORE RAS REFRESH COUNTER 
TEST 

The internal refresh operation of TC511001 P/J/Z 
can be tested by CAS” BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/ 
WRITE operation taking the internal counter address 
as row address and the input address as column 
address. 

The test is performed after a minimum of 8 CAS 
before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(T) Write ''O'' into all the memory cells at normal 


write mode. 

(2) Select one certain column address and read “0“ 
out and write "1" in each cell by performing 
CAS BEFORE RAS REFRESH COUNTER TEST 
(READ-WRITE CYCLE). Repeat this operation 
512 times. 

( 3 ) Check "1" out of 512 bits at normal read mode, 
which was written at (2). 

(4) Using the same column as ( 2 ), read "1“ out and 
write "0“ in each cell performing CAS BEFORE 
RAS REFRESH COUNTER TEST. 

Repeat this operation 512 times. 

(5) Check “0" out of 512 bits at normal read mode, 
which was written at (4) 

(6) Perform the above (T) to (5) the complement 
data. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 



TF Pin = Super Voltage; Test Mode 
TF Pin = Low Level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A 

B 

C 

D 

lout 

0 

1 ° 

o 

0 

0 


It. 

1 

1 

l 

Otherwise 

Hi-Z 


Fig. 1 
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The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the 
“TF” pin for a specified period (tTES, tTEHR, and tTEHC as shown in figure 2). It can be used while operating 
in any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF’ pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 



Fig. 2 Test Mode Cycle 
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NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. 

All dimensions are in millimeters. 


Unit: in mm 


OUTLINE DRAWINGS 

• Plastic DIP 


2 2.8 MAX 








TC511001P/J/Z-85, T6511001P/J/Z-10 
TC511001P/J/Z-12 

• Plastic SOJ 


17.0 2 — 172 7 


Y 


26 25 24 23 22 

p r~i r~i n n 


INDEX DOT 


£ 


uon in 

1 2 3 4 5 


18 17 16 15 14 

nnnnn 


uuo u u 

9 10 11 12 13 


Unit: in mm 




• Plastic ZIP 





NOTE: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; 
no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCT 


TC511001AP/AJ/AZ-70, TC511001 AP/flJ/flZ-80 
description TC511001AP/AJ/AZ-10 

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511001AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511001AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform¬ 
ance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 

FEATURES 


1,048,576 words by 1 bit organization 
Fast access time and cycle time 

1TC51100 lAEdyXAZ-70/ -30/- id 


c RAC 

RAS Access Time 

70ns 

80ns 

100ns 

t AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

t RC 

Cycle Time 

130ns 

150ns 

180ns 

c NCAC 

Nibble Mode 
Access Time 

15ns 

15ns 

20ns 

t NC 

Nibble Mode 

Cycle Time 

35ns 

35ns 

40ns 

• Single power supply of 5V±10% with 

a 


built-in Vgg generator 
PIN CONNECTION (TOP view) 


Plastic DIP Plastic SOJ 


DINC 1 
TRITE [2 
RASC3 
TF[4 
AO[ 5 
A1 [ 6 
A2[ 7 
AZia 

Vcc[ 9 


'18 ]Vss 
17] tour 

16 ] CAS 
15 ]A9 
14 3 AS 
13JA7 
12 ] AS 
11 3 AS 
10 ].44 


DlN[ 


26 

P V 3S 

iVRlTS [ 

2 

25 

]DXT 

?AS[ 

3 

24 

] CAS 

TF[ 

4 

23 

3 N.C. 

N.C. [ 

5 

22 

]A9 

AO [ 

9 

18 

]A8 

Alt 

10 

17 

P A7 

A2 [ 

11 

IS 

JA6 

A3[ 

12 

15 

3 A5 

VccC 

13 

14 

j A4 


PIN NAMES 


Pla stic Z IP 

wg Pf * 

mU 8 IF® 

r 3 TP 
N.C. 9j l ™ 

AO S 

A2l| & * 

„ [14 A3 

VCC ^ K .44 
A5I17; y.~- 

A7iii 


Low Power: 

440mW MAX. Operating(TC511001AP/AJ/AZ-70) 
385mW MAX. Operating(TC511001AP/AJ/AZ-80) 
33OmW MAX. Operating(TC511001AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using "EARLY WRITE" 
operation 

Read -Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, Nibble 
Mode and Test Mode capability 
All inputs and output TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC511001AP 
Plastic SOJ: TC511001AJ 
Plastic ZIP: TC511001AZ 

BLOCK DIAGRAM 


DATA IN 

DATA OUT 

BUFFER 

BUFFER 



NO.2 CLOCK — 

_J i 

GENERATOR 

-I- 1 

NI3BL 

—1 " 3SLSC 


A0^A9 i 

Address Inputs 

CAS 

Column Address Strobe 

din 

Data In 

DoUT 

Data Out 

RAS 

Row Address Strobe 

WRITE 

Vcc 

Read/Write Input 

Power (+5V) 

V SS 

Ground 

TF 

Test Function 

N.C. 

[No Connection 


1 COLUMN 
>ADDRESS 
jBUFFERS (10) 

REFRESH 

CONTROLLER 


■ REFRESH 

■ COUNTER (9) 

Ircw r u ' 

J ADDRESS HE 
, BUFFERS(10) 5" 


No.lCLOCX 
' GENERATOR 


COLUMN 

DECODER 


SENSE AMP 
I/O GATING 


MEMORY 

ARRAY 


SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-TW 

V 

1 

Test Mode Input Voltage 

VlN(TF) 

-1^10.5 

V 

1 

Ootput Voltage 

VQUT 

-TV 

_ I _J 

1 


Power Supply Voltage 

vcc 

-l'W 

Operating Temperature 

topr 

OWO 

Storage Temperature 

Tstg 

-557,150 

Soldering Temperature•Time 

tsolder 

260*10 

Power Dissipation 

pd 

600 

Short Circuit Output Current 

I OUT 

50 



C 


C 


3 C*sec 


mW 


mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0%70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT i 

NOTES 

vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

H23EE31 

Test Enable Input High Voltage 

VccK.5 

- 


V 

2 

mmm 

Test Disable Input Low Voltage 

-1.0 

- 


V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c=5±10% Ta=0^70°C) 


SYMBOL 

PARAMETER 


ESI 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t RC- t RC MIN.) 

TC51100 1AP/A J/AZ-70 

- 

mm 

mA 

n 

TC511001AP/A J/AZ-80 


hi 

TC 5110 01 AP/A J/A Z -10 

- 

hi 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

- 

2 

mA 

3 

ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vxh: tRC =t RC MIN.) 

TC511001 AP/A J/AZ-70 

- 

hi 

mA 

3 

TC 511001AP/A J/AZ-80 

- 

HI 

TC 5110 01 AP/A J/AZ-10 

- 

■ect 

ICC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V IL , CAS Cycling: tNC = tNC MIN.) 

TC511001AP/AJ/AZ-70 

- 

■ECT 

mA 

3,4 

TC 5110 01 AP/A J/A2- 80 

- 

HI 

TC 5110 01AP/A J/A2-10 

_ 

HI 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc-0.2V) 

- 


mA 


ICC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode CRAS, ClS Cycling: t R c=tRc MIN.) 

TC51100 1AP/AJ/A2-70 

- 

HI 

mA 

3 

TC511001 AP/A J/AZ-80 

- 

Hi 

TC511001AP/AJ/AZ-10 

_ 

ni 

I I(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OVEVijjib.5V, 

All Other Pins Not Under Test=0V) 

-10 

10 


■ 


INPUT LEAKAGE CURRENT (only TF) 

(0V4Vin(tf) 4Vq(H- 0.5V, All Other Pins Not Under Test=0V) 

-10 

10 

yA 

■ 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(OOUT disabled, 0V£V0UT^ + 5. 5V) 

-10 

10 

UA 


ITF 

TEST FUNCTION INPUT CURRENT 

(Vr.O+4.5 V^Vjn (TF) 410.5V) 

- 

1 

mA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =- 5mA) 

2.4 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (I0UT = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V±10%, Ta=0 ^ 70°C) (Notes 5, 6, 7) 


TC511001AP/ TC511001AP/ TC511001AP/ 

AJ/AZ-70 _ AJ/AZ-80 AJ/AZ-10 TTOTT N0TES 

MIN. MAX. MIN. MAX. MIN. MAX. 


130 


SYMBOL 

PARAMETER 

c RC 

Random Read or Write Cycle Time 

c E<WC 

Read-Write Cycle Time 

fc NC 

Nibble Mode Cycle Time 

C NRMW 

Nibble Mode Read-Write Cycle Time 

t RAC 

Access Time from RAS 

t CAC 

Access Time from CAS 

C AA 

Access Time from Column Address 

t NCAC 

Nibble Mode Access Time 

t* ! 

^CLZ 

CAS to Output in Low-Z 

c off 

lOutput Buffer Turn-Off Delay 

t T 

Transition Time (Rise and Fall) 

C RP 

RAS Precharge Time 

t RAS 

RAS Pulse Width 

C RSH 

RAS Hold Time 

t CSH 

CAS Hold Time 

t CAS 

CAS Pulse Width 

t RCD 

.RAS to CAS Delay Time 

t RAD 

RAS to Column Address Delay Time 


t CPN 

CAS Precharge Time 

t ASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

l ASC 

Column Address Set-Up Time 

t CAH 

Column Address Hold Time 

t AR 

iColumn Address Hold Time 
jreferenced to RAS 

t RAL 

Column Address to RAS Lead Time 

t RCS 

Read Command Set-Up Time 

t RCH 

'Read Command Hold Time 
ireferenced to CAS 

t RRH 

Read Command Hold Time 
referenced to RAS 

t WCH 

Write Command Hold Time 

c WCR 

Write Command Hold Time 
referenced to RAS 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 

PARAMETER 

C WP 

Write Command Pulse Width 

C RWL 

Write Command to RAS Lead Time 

c CWL 

Write Command to CAS Lead Time 

C DS 

Data-In Set-Up Time 

C DH 

Data-In Hold Time 

C DHR 

Data-In Hold Time 
reference to RAS 

t REF 

Refresh Period 

C wcs 

Write Command Set-Up Time 

C CWD 

CAS to WRITE Delay Time 

C RWD 

RAS to WRITE Delay Time 

C AWD 

Column Address to WRITE 

Delay Time 

t CSR 

CAS Set-Up Time (CAS before RAS) 

c CHR 

CAS Hold Time (CAS before RAS) 

c RPC 

RAS Precharge to CAS Active Time 

c CPT 

CAS Precharge Time 

(CAS before RAS Counter Test) 

t NCAS 

Nibble Mode Pulse Width 

tNCP 

Nibble Mode CAS Precharge Time 

t NRSH 

Nibble Mode RAS Hold Time 

t NCWD 

Nibble Mode CAS to WRITE Delay 

Time 

C NRWL 

Nibble Mode WRITE Command to 

RAS Lead Time 

t NCWL 

Nibble Mode WRITE Command to 

CAS Lead Time 

t TES 

Test Mode Enable Set-Up Time 
referenced to RAS 

t TEHR 

Test Mode Enable Hold Time 
referenced to RAS 

t TEHC 

Test Mode Enable Hold Time 
referenced to CAS 


TC511001AP/ TC511001AP/ TC511001AP/ 

AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 


MIN. MAX. MIN. MAX. MIN. MAX. 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=OWO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A9, Dj N ) 

- 

5 

pF 

CI2 

input Capacitance (RAS, CAS, WRITE, TF) 

- 

7 

P F 

CO 

Output Capacitance (UOUT) 

- 

7 

P F 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to V 55 . 

3. Icci* r CC3 > I CC4» !CC 6 depend on cycle rate. 

4. Icci» IcC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6 . AC measurements assume tp=5ns. 

7. Vj{j(min.) and Vjj/max.) are refernce levels for measuring timing of input 
signals. Also, transition times are measured between Vih and ViL.• 

8 . Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tOFF( max ■) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^CH or C RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tycs, C RWD» tCWD an< 3 bAWD are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If twCS= bWCS 

(min.), the cycle is an early write cycle and the data out pin will remain 

open circuit (high impedance) throughout the entire cycle; If tRWD= C RWD( man •), 
bcWD - bCWD( m i n *) and t^wD - t^WD(min.), the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCDfaax.) limit insures that t^ A( -;(max.) can be met. 
bRCD( max *) as specified as a reference point only: If tRCD is greater than 
the specified tRCD( max *) limit, then access time is controlled by tQ\C. 

14. Operation within the tR^p(max.) limit insures that tR^c(max.) can be met. 
bRAD( max *) is specified as a reference point only: If tj^p is greater than 
the specified tR^p(max.) limit, then access time is controlled by t^. 
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NIBBLE MODE READ-WRITE CYCLE 
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NRSH 


NCAS 
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'TF" pin should be connected to V TT (TF) level 
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RAS ONLY REFRESH CYCLE 



J OUT 


V 0 H — 
YdL 


OPEN 


NOTE: WRITE="H" or "L", A9="H" or "L" 


7//\ : "H" or "L" 


CAS BEFORE RAS REFRESH CYCLE 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC511001AP/AJ/AZ are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. This "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Ad¬ 
dress Hold Time specification (t^g) has been satisfied and the address inputs have 
been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (D IN ) register. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low (active) prior to CAS, the Djn is strobed by CAS and the 
set-up and hold times are referenced to CAS. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made is negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, Din is referenced to 
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Djn referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low). Data read from the selected cell will be avilable at the output 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dout) of the TC511001AP/AJ/AZ is the 
high impedance (open circuit) state. This is to say, anytime CAS is at a high level, 
the Dqut P in will be floating. The only time the output will turn on and contain 
either a logic 0 or logic 1 is at access time during a read cycle. Dout will remain 
valid from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at t CAC 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate (faster than tcAc)• Row an< 3 column addresses need 
only be supplied for the first access of the cycles. From then on, the falling edge 
of CAS will activate the next bit. After four bits have been accessed, the next bit 
will be the same as the first bit accessed (wrap-around method). 


r— (0, 0) 


( 0 , 1 )--( 1 , 0 )--( 1 , 1 ) 


Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and 
column A9 provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 -»■ 01 -> 10 -> 11 with 
A9 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any conbinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap¬ 
around will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 row address (A0^A8) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 
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CAS BEFORE RAS REFRESH 

CAS before RAS refreshing availalbe on the TC511001AP/AJ/AZ offers an alternate 
refresh method. If CAS is held on low for the specified period (t^g^) before RAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op¬ 
eration is performed, the refresh address counter is automatically incremented in 
perparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be per¬ 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refresh. Hidden Refresh is performed by holding CAS at Vjp and taking RAS high and 
after a specified precharge period (tpp), executing a CAS before RAS refresh cycle, 
(see Figure below) 


MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 



This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001AP/AJ/AZ can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the inter¬ 
nal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write ”0" into all the memory cells at normal write mode. 

(2) Select one cartain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 512 times. 

(T) Check "1" out of 512 bits at normal read mode, which was written at ( 2 ). 

( 4 ) Using the same column as (2), read "1" out and write "0" in each cell performing 
CASi BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 512 times. 

( 5 ) Check "0" out of 512 bits at normal read mode, which was written at ( 4 ). 

(6) Perform the above (T) to ( 5 ) the complement data. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000A/1A/2A is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bit. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An, Am 



TF Pin=Super Voltage; Test Mode 
TF Pin=VxL(TF) level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

Dout 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the 
“TF” pin for a specified period (tTES, tTEHR, and tTEHC as shown in figure 2). It can be used while operating 
in any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF’ pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 



Fig.2 Test Mode Cycle 
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OUTLINE DRAWINGS 

• Plastic DIP Unit in mm 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 









ass 



INDEX DOT 


Each lead pitch is 1.27mm. 

All dimensions are in millimeters 
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Unit in mm 


2 6.3 max 


INDEX DOT 


Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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1,048,576 WORDXI BIT DYNAMIC RAM 


SILICON GATE CMOS 


TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


DESCRIPTION 

The TC511002P/J/Z is the new generation dynamic 
RAM organized 1,048,576 words by 1 bit. The TC511002 
P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process 
technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC511002P/J/Z to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 


ZIP. The package size provides system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. System oriented features 
include single power supply of 5V ± 10% tolerance, 
direct interfacing capability with high performance logic 
families such as Schottky TTL. "Test Mode" function is 
implemented from Revision C. 


FEATURES 

• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 



TC511002P/J/Z-85-10-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

*AA 

Column Address Access 
Time 

45ns 

50ns 

60ns 

tCAC 

CS Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tsc 

Static Column Mode Cycle 
Time 

50ns 

55ns 

65ns 


• Sincle power supply of 5V ± 10% with a built-in V BB 
generator 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ 


D IN C1 

white( a 

RAS t 3 

TFU 

AO [ 5 
A1 [ 6 
A2 [ 7 
A3 C 8 

V C CC9 


PIN NAMES 


18 ]V SS 
17 1 d out 
16 ]CS 
15 ]A9 
14 )A8 


pin ty 

W RITE C 2 
RAS t 3 
TF t 4 
N.C. t 5 


26 JV SS 
25 ]DoUT 
24 ] W 
33 ]N.C. 
22 JA9 


Plastic ZIP 


lLf. v ss 

■'^6 WRITE 


N.C. 9 ; 

A0 ^ [u A1 
“ [14 A3 

VCC ^A4 

A5 fe[l8A6 

A7 - 1?J A8 


A0 ~ A9 

Address Inputs 

RAS 

Row Address Strobe 

D IN 

Data In 

Dout 

Data Out 

CS 

Chip Select Input 

WRITE 

Read/Write Input 

v cc 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 

N.C. 

No Connection 


• Low Power 

385mW MAX. Operating (TC511002P/J/Z-85) 

330mW MAX. Operating (TC511002P/J/Z-10) 

275mW MAX. Operating (TC511002P/J/Z-12) 

5.5mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
chip selection 

• Common I/O capability _ 

• Read-Modify-Write, CS before RAS refresh, RAS-only 
refresh, Hidden refresh, Static Column Mode and Test 
Mode capability. 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511002P 

Plastic SOJ: TC511002J 
Plastic ZIP: TC511002Z 


BLOCK DIAGRAM 



o' MEMORY 
O 512 


I SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1 ~7 

V 

1 

Test Function Input Voltage 

Vin(TF) 

-1 ~ 10.5 

V 

1 

Output Voltage 

Vout 

-1 ~7 

V 

1 

Power Supply Voltage 

Vcc 

-1 ~7 

V 

1 

Operating Temperature 

Topr 

0~ 70 

°C 

1 

Storage Temperature 

T STG 

-55 ~ 1 50 

°C 

1 

Soldering Temperature-Time 

Tsolder 

260-10 

C-sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = o~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V |H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V | l 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

Vih(TF) 

Test Enable Input High Voltage 

Vcc +4.5 

- 

10.5 

V 

2 

Vil(TF) 

Test Disable Input Low Voltage 

-1.0 

- 

v cc +io 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V cc = 5 ± 10%. Ta = 0 ~ 70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

'cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(WAS, CS, Address Cycling: tRc= tRcMIN.) 

TC511002P/J/Z-85 

- 

70 

mA 

3, 4 

TC511002P/J/Z-10 

- 

60 

mA 

TC511002P/J/Z-12 

- 

50 

mA 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CS = V IH ) 

- 

2 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS = Vih : tRc = tRc, MIN.) 

TC511002P/J/Z-85 

- 

70 

mA 

3 

TC511002P/J/Z-1 0 

- 

60 

mA 

TC511002P/J/Z-12 

- 

50 

mA 

1 CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 

Mode (RAS = CS = V||_ , Address Cycling: tsc = tsc MIN.) 

TC511002P/J/Z-85 

- 

50 

mA 

3,4 

TC511002P/J/Z-1 0 

- 

40 

mA 

TC511002P/J/Z-12 

- 

30 

mA 

1 CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CS= V rr -0.2V) 

- 

1 

mA 


'cc6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tRc = tRc MIN.) 

TC511002P/J/Z-85 

- 

70 


3 

TC511002P/J/Z-1 0 

- 

60 

mA 

TC511002P/J/Z-12 

- 

50 

mA 

1 l(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (0V^ V| H < 6.5V, 

All Other Pins Not Under Test = 0V) 

-10 

10 

ma 


1 ITF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0V ^ V|n(tf) ^ Vcc + 0.5V, All Other Pins Not Under Test = 0V) 

-10 

10 

juA 


'oil) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V ^ Vout^ + 5.5V) 

-10 

10 

fiA 


! tf 

TEST FUNCTION INPUT CURRENT 
(Vcc + 4.5V ^ Vin(tf) ^ 1 0.5V) 

- 

1 

mA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage doUT = —5mA) 

2.4 

- 

V 


V OL 

OUTPUT LEVEL 

Output "L" Level Voltage Oout = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0~ 70“C) (Notes 5,6, 7) 


SYMBOL 

PARAMETER 

TC511002P/ 

J/Z-85 

TC511002P/ 

J/Z-10 

TC511002P/ 

J/Z-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

165 


190 

- 

220 

- 

ns 


t RWC 

Read-Write Cycle Time 

190 

- 

220 

- 

255 

- 

ns 


X SC 

Static Column Mode Cycle Time 

50 

- 

55 

- 

65 

- 

ns 


tSRWC 

Static Column Mode Read Write 

Cycle Time 

90 

- 

100 

- 

120 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

100 

- 

120 

ns 

8, 13 

X CAC 

Access Time from CS 

- 

25 

- 

25 

- 

30 

ns 

8, 13 

t AA 

Access Time from Column Address 

- 

45 

- 

50 

- 

60 

ns 

8, 14 

t ALW 

Access Time from Last Write 

- 

85 

- 

95 

- 

115 

ns 

8, 15 

1 CLZ 

CS to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 

35 

ns 

9 

t AOH 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 


tow 


- 

25 

- 

25 

- 

30 

ns 


tW0H 

Output Data Hold Time from WRITE 

0 

- 

0 

- 

0 

- 

ns 


tT 

Transition Time (Rise and Fall) 

3 

50 

3 


3 

50 

ns 

7 

t RP 

RAS Precharge Time 

70 


80 

- 

90 


ns 


t RAS 

RAS Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode) 

85 

100,000 

100 

100,000 

120 

100,000 

ns 


t RSH 

CS to RAS Hold Time 

25 

- 

25 

- 

30 

- 

ns 


tCSH 

RAS to CS Hold Time 

85 

- 

100 

- 

120 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

ns 


tcsc 

CS Pulse Width (Static Column Mode) 

25 

100,000 

25 

100,000 

30 

100,000 

ns 


t RCD 

RAS to CS Delay Time 

25 

60 

25 

75 

25 

90 

ns 

13 

t RAD 

RAS to Column Address Delay Time 

20 

40 

20 

50 

20 

60 

ns 

14 

t CRP 

CS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 


tCP 

CS Precharge Time (Static Column 

Mode) 

10 

- 

10 

- 

15 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t RAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t AWR 

Write Address Hold Time referenced 

to RAS 

65 

- 

75 

- 

90 

- 

ns 


X AR 

Column Address Hold Time referenced 
to RAS 

100 

- 

115 

- 

140 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

60 

- 

ns 


t AH 

Column Address Hold Time referenced 
to RAS Rise 

10 

- 

10 

- 

15 

- 

ns 

16 

tcWL 

Write Command to CS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


t LWAD 

Last Write to Column Address Delay 
Time 

25 

40 

25 

45 

30 

55 

ns 

15 
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Last Write to Column Address Hold 
Time 

Read Command Set-Up Time 
referenced to CS 

Read Command Hold Time referenced 
to CS 

Read Command Hold Time referenced 
to RAS 

Write Command Hold Time (Output 
Data Disable) 

Write Command Hold Time referenced 
to RAS 

Write Command Pulse Width 
Write Command Inactive Time 


Write Command to RAS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time referenced to RAS 


Refresh Period 

Write Command Set-Up Time 
(Output Data Disable) 

CS to WRITE Delay Time 
(READ-WRITE CYCLE) 

RAS to WRITE Delay Time 

(READ-WRITE CYCLE) _ 

Column Address to WR ITE Delay Time 
CS Set-Up Time (CS before RAS) 

OS Hold Time (CS before RAS) 

RAS Precharge to CS Active Time 
CS Precharge Time (CS before RAS 
Counter Test) 

CS Precharge Time 


Test Mode Enable Set-Up Time 

referenced to RAS 

Test Mode Enable Hold Time 

referenced to RAS 

Test Mode Enable Hold Time 

referenced to CS 


0 

- 

60 

- 

20 

- 

0 

- 

0 

- 

0 

- 


CAPACITANCE (v cc = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 


SYMBOL PARAMETER 


C|i Input Capacitance (A 0 ~ A 9 , D| N ) 


C 12 Input Capacitance (RAS, CS, WRITE, TF) 


Co | Output Capacitance (Dqut ) 



































TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are referenced to Vss . 

3. I cci , Icc 3 » Icc 4 , I cc6 depend on cycle rate. 

4. Icci - Icc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/iS is required after power-up followed by any 8 RAS cycles be fore p roper device 
operation is achiev ed. I n case of using internal refresh counter, a minimum of 8 CS Before RAS initialization 
cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T = 5ns. 

7. Vi h (min.) and Vu_ (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between Vih and Vil . 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFFfmax.) define the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

10. Either t rch or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading edge in 
read-write cycles. 

12. t W s, t WH , tRWD - tcwD and t Aw D are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only. If t ws ^ t W s (min.) and t WH ^ t WH (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If t RWD > t RWD 
(min.), tcwD ^ fcwo (min.) and t A wD ^ t AWD (min.), the cycle is a read-write cycle and the data out will 
contain data read from the selected cell: If neither of the above sets of conditions is satisfied, the condition 
of the data out (at access time) is indeterminate. 

13. Operation within the t RC D(max.) limit insures that t RA c(max.) can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled by 
t CAC- 

14. Operation within the t RAD (max.) limit insures that t RAC (max.) can be met. t RAD (max.) is specified as a 
reference point only: If t RAD is greater then the specified t RAD (max.) limit, then access time is controlled by 
exclusively by t AA . 

15. Operation within the t LWAD (max.) limit insures that t ALW (max.) can be met. t LWAD (max.) is specified as a 
reference point only: If t LWAD is greater than the specified t LWAD (max.) limit, then access time is controlled 
exclusively by t AA . 

16. t A H is the condition to latch column address when RAS has rised up. 
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TIMING WAVEFORMS 



• WRITE CYCLE (EARLY WRITE) 


VlH 


t ASR 


VlL 


d OUT 


VOH 

V 0L 


\ 


t RAS 


t.tvP 


C AWR 


c CSH 


4-4 

t RAH 


-*=-aJ 

/ ROW 

V ADDRESS 

mm 

CRP 

t RAD 


COLUMN 

ADDRESS 


15® 


t ASC 


t CAH 


C RSH 


c CRP 


OPEN 



^// y : "H" or "L" 

NOTE: "TF" pin should be connected to V 1L ( TF ) level or open, if "Test Mode" is not used. 
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11002P/J/Z-10 


t RWL 


COLUMN ADDRESS 


C RCD 


t RAL 


tCEP 


tRCS , 


C RWD 


tcWL 


t AWD 


tWOK 


t OFF | 


• READ-WRITE CYCLE 


C RAH | 


l CAH 


•CLZ 


t CSH 


VALID DATA 


NOTE: "TF" pin should be connected to V| L ( TF ) level or open, if "Test Mode" 
is not used. 


valid data 


61 



































TC511002P/J/Z 85, TC511002 
TC511002P/J/Z-12 


WRITE 


'VALID 

.DATA 


t RAD 


t RSH 


t RCS 


t CAC 


• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


• STATIC COLUMN MODE READ CYCLE 


C RAC 



d OUT 


OPEN 


m 


"H" or "L" 


NOTE: "TF" pin should be connected to V|u< TF ) level or open, if "Test Mode" 
is not used. 
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• STATIC COLUMN MODE READ-WRITE CYCLE 


cs VlH 


VlL — 
VlH — 







2 

C WP 

r—* 

/ 

C RCD 


t ES| 






t cac 

t?/0H 

C AA 

C AA 

t AOH 

r 0W 


c alw w 



VALID DATA 



m/iz/z/m 


valid data 


• STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

3To* V IH - 


COLUMN 

ADDRESS 



^CAH 



^LV/AD 


COLUMN 

ADDRESS 


mw//m 


C AWD 

C CWD 


[ t DS tDH 

VALID DATA 






///////// invalid data /////////// 



V/A-“ H"or"L" 

NOTE: "TF" pin should be connected to V tL ( TF ) level or open, if "Test Mode" 
is not used. 
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TC511002 

TC511002 


d out 


RAS ONLY REFRESH CYCLE 
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C HAH | 


' OL — 


NOTE: WRITE = "H" or "L", A9 = "H" or "L 


• CS BEFORE RAS REFRESH CYCLE 


NOTE: WRITE - "H" or "L", AO ~ A9 = "H" or "L" 

"TF" pin should be connected to V| L (tf) level or open, if "Test Mode" 
is not used. 


t RPC 


t C PN t 
































TC511002P/J/Z-85, TC511002P/J/Z-10 
TC511002P/J/Z-12 


• CS BEFORE RAS REFRESH COUNTER TEST CYCLE 



NOTE: "TF" pin should be connected to V| L ( TF ) level or open, if "Test Mode" 
is not used. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000/1/2 is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bits. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and" operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H" 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An, Am 



TF Pin = Super voltage; Test Mode 
TF Pin = Low level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

DOUT 

0 

0 

0 

0 

0 

1 

_ 1 J 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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TC511002P/J/Z-85, T6511002P/J/Z-10 
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The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=10.5V) on the 
“TF” pin for a specified period (tTES, tTEHR, and tTEHC as shown in figure 2). It can be used while operating 
in any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 


_ VlH 

RAS 

VlL 

__ v IH 
cs 

VlL 


TF 


V IH(TF) 
V IL(TF) 



Fig. 2 Test Mode Cycle 





TC511002P/J/Z-85 
TC511002P/J/Z-12 


OUTLINE DRAWINGS 


• Plastic DIP 


Unit in mm 


2 2.8MAX 


NOTE: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longi¬ 
tudinal position with respect to No. 1 and No. 18 leads. 

All dimensions are in millimeters. 




































TOSHIBA MOS MEMORY PRODUCTS 

TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
ascription TC511002AP/ AJ/ AZ-10 


The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511002AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advnaced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511002AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ nad 20/19 pin plastic 
ZIP. The package size provides system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perfor¬ 
mance logic families such as. Schottky TTL. 


FEATURES 

• 1,048,576 word by 1 bit organization 


1 — 

TC51100gAE/AJ/AZ-7Q/-8a/-10 

c RAC 

RAS Access Time 

70ns 

80ns 

100 ns 

fc AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CS Access Time 

20 ns 

20 ns 

25ns 

t RC 

Cycle Time 

130ns 

150ns 

180ns 

c SC 

Static Column 
Mode Cycle Time 

40ns 

45ns 

55ns 


built-in Vgg generator 
PIN CONNECTION (TOP VIEW) 


Plastic DIP 

; [fr^ / Teb v ss 

17jDoUT 
16]C3 
15 JA9 
14 ]A8 
13 JA7 
12 ]A6 
11 ]A5 
10 ]A4 


WRITE £ 
T?C 

A0 [ 

Al£ 
A2£ 
A3 [ 

Vcc[ 


Plastic SOJ 
DlU tfP^ " 

WRITE [ 2 
r AS [ 3 
4 

N.C. [ 5 

A0 [ 9 
Al[ 10 
A2[ 11 
A3 £ 12 
"CC[ 13 


PIN NAMES 


A0% A9 

Address Inputs 

RAS 

Row Address Strobe 

Din 

Data In 

d out 

Data Out 

CS 

Chip Select Input 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

V SS 

Ground 

TF 

Test Function 

N.C. 

No Connection 


Plastic ZIP 


Low Power 

440mW MAX. Operating (TC511002AP/AJ/AZ-70) 
385mW MAX. Operating (TC511002AP/AJ/AZ-80) 
33OmW MAX. Operating (TC511002AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability 

Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh. Hidden refresh. Static 
Column Mode and Test Mode capability. 

All inputs and output TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC511002AP 

Plastic SOJ: TC511002AJ 

Plastic ZIP: TC511002AZ 


26 ] - ss 
25 ]Dour 
24]CS- 
23 ] \j.c. 
22 ] AS ' 

18 ] A8 
17 ] A7 
16 ] A6 
15 ] A5 
14 ]A4 
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AAriis 


ITEM 


Input Voltage 


Test Function Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature _ 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


VlN 


VOUT 


Vcc 


TOPR 


Tstg 


TSOLDER 


PD 


lOUT 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0W0°C) 



SYMBOL 


V CC 



PARAMETER MIN. 


Supply Voltage 4.5 


Input High Voltage 2. 


Input Low Voltage -1.0 


Test Enable Input High Voltage y CC+4.5 


Test Disable Input Low Voltage -1.0 



RATING 

UNITS 

NOTES 

-1 % 7 

V 

1 

-l 1 '* 10.5 

V 

1 

-1^7 

V 

1 

-1^7 

V 

1 

0 r u 70 

°C 

1 

-55 ^150 

°C 

1 

260 • 10 

°C • sec 

1 

600 

mW 

1 

50 

mA 

1 



UNIT 

NOTES 

V 

2 

V 

2 

V 

2 

V 

2 

V 

2 



DC ELECTRICAL CHARACTERISTICS (v C c=5±10%, Ta=0W0°C) 


SYMBOL 

PARAMETER 



UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS\ Address Cycling: tpc = tRC MIN.) 

TC511002A^ A J/AZ-70 

- 

Em 

mA 

3,4 

TC511002AP/AJ/AZ-30 

- 

mm 

T C511002A5/A J/AZ-10 

- 

WfM 

r CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V ih ) 

g 

2 

mA 

■ 

X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS= y IH: t RC= t RC MIN.) 

TC 3.1002AB/A J/AZ-70 


El 


3 

TC5110C2 AP/AJ/AZ-30 

- 

El 

TC511002AP/AJ/AZ-ia 

- 

60 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 
Mode(RAS=CS=VjL, Address Cycling: tsC =t SC MIN.) 

TC511002AI/A J/AZ-70 

- 

wail 

mA 

3,4 

TC 511002AP/A J/AZ-80 

- 

El 

TC51I002AP/AJ/AZ-10 

- 

■CT 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V CC -0.2V) 


1 

mA 

■ 

TCC6 

CS BEFORE RAS REFRESH CURRENT _ _ 

Average Power Supply Current, CS Before RAS 

Mode (RAS, CS" Cycling: tp G =tR G MIN.) 

TC511002AE^AJ/AZ^70 


El 

mA 

3 

TC511002AP/A J/AZ-SO 

- 

El 

TC5I1002A^A^/AZ-10 



X I(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(0V ^ V IH i 6.5V, All Other Pins Not Under Test=0V) 



yA 

■ 


INPUT LEAKAGE CURRENT (only TF) 

(0V£ Vjn(TF) £ Vqq+ 0.5V, All Other Pins Not Under Test=0V) 

-10 

10 

yA 


I 0(L) 

OUTPUT LEAKAGE CURRENT — 

(DouT Xs disabled, 0V^ Vqut= + 5•5V) 

-10 

10 

yA 


ITF 

TEST FUNCTION INPUT CURRENT 
(V gc +4.5V< V in (TF) < 10.5V) 

- 

i 

mA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (lQux =- 5mA) 

2.4 

- 

V 


,-i 

o 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT =l ^ * 2m A) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0 ^ 70°C)(Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

tRWC 

Read-Write Cycle Time 

tsc 

Static Column Mode Cycle Time 

t SRWC 

Static Column Mode Read Write 
Cycle Time 

t RAC 

Access Time from RAS 

c CAC 

Access Time from CS 

t AA 

Access Time from Column Address 

t ALW 

Access Time from Last Write 

t CLZ 

CS* to Output in Low-Z 


Output Buffer Turn-Off Delay 


Output Data Hold Time from 
Column Address 


Output Data Enable Time from 
WRITE 


tWOH 

Output Data Hold Time from 

WRITE 

0 

t T 

Transition Time (Rise and Fall) 

3 

C RP 

RAS Precharge Time 

50 

tRAS 

RAS Pulse Width 

70 

tRASC 

RAS Pulse Width 
(Static Column Mode) 

70 

t RSH 

CS* to RAS Hold Time 

20 

tCSH 

RAS to CS Hold Time 

70 

t CS 

CS Pulse Width 

20 

t CSC 

CS Pulse Width 
(Static Column Mode) 

20 

tRCD 

RAS to CS Delay Time 

20 



10,000 


100,000 


100 10,000 




RAS to Column Address Delay Time 


t CRP 

CS to RAS Precharge Time 

5 

tcp 

CS Precharge Time 
(Static Column Mode) 

10 

fc ASR 

Row Address Set-Up Time 

0 

tRAH 

Row Address Hold Time 

10 

c ASC 

Column Address Set-Up Time 

0 

t CAH 

Column Address Hold Time 

15 

C AWR 

Write Address Hold Time 
referenced to RAS 

55 

C AR 

Column Address Hold Time 
referenced to RAS 

80 

C RAL 

Column Address to RAS Lead Time 

35 
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SYMBOL 


PARAMETER 


TC511002 

AE/AJ/AZ-70 


MIN. MAX. 


TC511002 

AP/AJ/AZ-80 


C AH 

Column Address Hold Time 
referenced to RAS Rise 

5 

t CWL 

Write Command to CS Lead Time 

20 

t LWAD 

Last Write to Column Address 
Delay Time 

20 

t AHLW 

Last Write to Column Address 
Hold Time 

65 

t RCS 

Read Command Set-Up Time 
referenced to CS 

0 

t RCH 

Read Command Hold Time 
referenced to CS 

0 

t RRH 

Read Command Hold Time 
referenced to RAS 

0 

t WCH 

Write Command Hold Time 

15 


C WP 

Write Command Pulse Width 

C W1 

Write Command Inactive Time 

t RWL 

Write Command to RAS Lead Time 

tDS 

Data-In Set-Up Time 

tDH 

Data-In Hold Time 

t DHR 

Data-In Hold Time referenced 
to RAS 

'-REF 

Refresh Period 



t WCS 

Write Command Set-Up Time 

0 

t CWD 

CS to WRITE Delay Time 
(READ-WRITE CYCLE) 

20 

tRWD 

RAS to WRITE Delay Time 
(READ-WRITE CYCLE) 

70 

tAWD 

Column Address to WRITE Delay 
Time 

35 

t CSR 

CS Set-Up Time (CS" before RAS) 

10 

t CHR 

CS Hold Time (CS before RAS) 

30 

tRPC 

RAS Precharge to CS" Active 

Time 

0 

c CPT 

CS Precharge Time 

(CS before RAS Counter Test) 

40 

C CPN 

CS Precharge Time 

10 

C TES 

Test Mode Enable Set-Up Time 
referenced to RAS 

0 

t TEHR 

Test Mode Enable Hold Time 
referenced to RAS 

0 

t TEHC 

Test Mode Enable Hold Time 
referenced to CS 

0 
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CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (A0vA9, Dqqj) 


5 

P F 

Cl2 

Input Capacitance (RAS, CS, WRITE, TF) 


7 

co 

Output Capacitance (Dqut) 


7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 * I CC1* I CC3» X CC4• X CC6 depend on cycle rate. 

4. Icci> X CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by any 8 RAS cycles 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS Before RAS initial¬ 
ization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tq=5ns. 

7. Vq^(min.) and Vqq^max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vqg and Vqq^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max -) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tpoq or t^jj must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in read-write cycles. 

12. tycs, tRWD> tcWD and tAWD are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If tqjcg A tqjcg(min.) 
and twCH = twCH(min.), the cycle is an early write cycle and data out pin will remain 
open circuit (high impedance) throughout the entire cycles; If tR W q> 4 tpypCmin.), 
tCWD= tcwD( m i n *) an d tAWD = tAWI)(min.), the cycle is a read-write cycle and the 

data out will contain data read from the selected cell: If neither or the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the t££jj(min.) limit insures that tRAC( max *) can be met. 
c RCD( max ») is specified as a reference point only: If t RCD is greater than the 
specified tjq^q)(max.) limit, then access time is controlled by t^AC* 

14. Operation within the tpAD( max «) limit insures that tRAC!(max.) can be met. 
tRAD^ max *) is specified as a reference point only: If tj^ is greater than the 
specified tRAI)( max *) limit, then access time is controlled exclusively by tAA* 

15. Operation within the tLWAD( max ’) limit insures that tALW(max.) can be met. 
t LWAD ( ^ max .) is specified as a reference point only: If tq/WAD is greater than the 
specified tq j qjAD( max ’) limit, then access time is controlled exclusively by tAA* 

16. t^qq is the condition to latch column address when RAS has rised up. 
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TC511002AP/AJ/AZ-70, T 
TC511002AP/A J/AZ-10 































'TF" pin should be connected to Vjl(TF) level or open, if 
’Test Mode" is not used. 
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STATIC COLUMN MODE READ-WRITE CYCLE 



STATIC COLUMN MODE READ/WRITE MINED CYCLE 
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TC511002AP/AJ/AZ-70, TG511002AP/AJ/AZ-8 
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RAS ONLY REFRESH CYCLE 



'TF" pin should be connected to Vj^(TF) level or open, if 
'Test Mode" is not used. 
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DESCRIPTION OF THE TEST MODE FOR 1M DRAMS 

The TC511000A/1A/2A is a CMOS DRAM organized as 1,048,576 words by 1-bit. It is internally organized as 262,144 
words by 4-bit. 

The “Test Mode” function allows for a 1M DRAM to be tested virtually as if it were a 256K DRAM. Figure 1 shows 
the block diagram of the “Test Mode” circuit. Data is written into the four 256K blocks in parallel and is retrieved the 
same way. A logical “and” operation is performed on the outputs of the four internal 256K blocks. 

o For a good device, the output data of the four internal blocks are identical to the input data (all “H” 

or all “L”) and consequently the same data will appear on the output pin. 

o For a bad device, the output data of one or more of the internal blocks will differ from the input 

data and a high impedance state will be detected on the output pin. 


Block Diagram in Test Mode 


An ,Am 



TF Pin= Super voltage; Test Mode 
TF Pin= Vjl(TF) level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D 

DOUT 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


The “Test Mode” function is enabled by applying a “Super Voltage” (VCC+4.5V, max. voltage=T0.5V) on the 
“TF” pin for a specified period (tTES, tTEHR, and tTEHC as shown in figure 2). It can be used while operating 
in any mode, including static column and fast page modes. It achieves a 4:1 reduction in test time for N patterns 
and a 16:1 reduction in test time for N 2 patterns. The A9 address input is ignored during the “Test Mode”. 

During normal operation or when the “Test Mode” function is not used, the “TF” pin must be connected to VSS 
or TTL Logic Low Level, or left unconnected on the printed wiring board. 



Fig.2 Test Mode Cycle 










TC511002AP/AJ/AZ-70, TC511Q02AP/AJ/AZ-80 
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OUTLINE DRAWINGS 

Plastic DIP 

Unit in mm 


IS 17 16 15 14 13 12 11 10 





Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No.18 leads 
All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

262,144 word x 4 bit dynamic ram TC51 4256P/J/Z"85 , TC51 4256P/J/Z" 1 0 

S.L.CON GATE CMOS TC51 4256 P/J/Z " 1 2 


description 

The TC514256P/J/Z is the new generation dynamic 
RAM organized 262,144 words by 4 bits. The TC514256 
P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process 
technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC514256P/J/Z to be packaged in a standard 20 pin 

FEATURES 


• 262,144 word by 4 bit organization 

• Fast access time and cycle time 



TC514256P/J/Z-85-10-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

1 AA 

Column Address Access Time 

45ns 

50ns 

60ns 

*CAC 

CAS Access Time 

30ns 

30ns 

35ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V ± 10% with a built-in V BB 
generator 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 



Plastic SOJ 




WK ITE C 3 
fust t 
N.C. C 5 

AOC 9 


Air 

AZC 

A3t 

V cc C|13 14 p A4 


16 1A6 
15 )A5 


Plastic ZIP 


26 JV 0S 
25 31/04 
24 31/03 
23 ]5a3 
22 30E 

18 ]A8 
17 3 A7 


1/02 

RAS 


•;i i? 
?j r" 

5j 4 

a 


1111 w 

H S«] 

It] r~1 

-1 Lie 


PIN NAMES 


CO 

< 

/ 

o 

< 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 ~ 1/04 

Data Input/Output 

V CC 

Power (+5V) 

CO 

CO 

> 

Ground 

N.C. 

No Connection 


plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. System oriented features 
include single power supply of 5V ± 10% tolerance, 
direct interfacing capability with high performance logic 
families such as Schottky TTL. 


• Low Power 

413mW MAX. Operating (TC514256P/J/Z-85) 

358mW MAX. Operating (TC514256P/J/Z-10) 

303mW MAX. Operating (TC514256P/J/Z-12) 

5.5mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 
chip selection 

• Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, and Fast Page Mode 
capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP : TC514256P 

Plastic SOJ : TC514256J 
Plastic ZIP : TC514256Z 

BLOCK DIAGRAM 


I/Ol 1/02 1/03 1/04 
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TC514256P/J/Z-85, TC514256P/J/Z-10 

TCI1425SP/J/Z-12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V,N 

-1 ~7 

V 

1 

Output Voltage 

V OUT 

-1 ~7 

V 

1 

Power Supply Voltage 

V CC 

-1 ~7 

V 

1 

Operating Temperature 

T OPR 

0 ~ 70 

°C 

1 

Storage Temperature 

t stg 

-55 ~150 

°c 

1 

Soldering Temperature-Time 

T 

1 SOLDER 

260-10 

°C-sec 

1 

Power Dissipation 

P D 

600 

mW 

1 

Short Circuit Output Current 

•out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

< 

o 

o 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

•cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC = tRC MIN.) 

TC514256P/J/Z-85 

- 

75 

mA 

3,4 

TC514256P/J/Z-10 

- 

65 

TC514256P/J/Z-12 

- 

55 

• CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = Vih) 


2 

mA 


• CC3 

RASONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = V|p : tp^ = tpc MIN.) 

TC514 256P/J/Z-85 

- 

75 

mA 

3 

TC514256P/J/Z-10 

- 

65 

TC514256P/J/Z-12 

- 

55 

• CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vil , CAS, Address Cycling: tpc = tpc MIN.) 

TC514256P/J/Z-85 

- 

55 

mA 

3,4 

TC514256P/J/Z-10 

- 

45 

TC514256P/J/Z-1 2 

- 

35 

• CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V CC -0.2 V) 

- 

1 

mA 


•CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tRc = tRC MIN.) 

TC514256P/J/Z-85 

- 

75 

mA 

3 

TC514256P/J/Z-10 

- 

65 

TC514256P/J/Z-12 

- 

55 

1 l(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V < V| N < 6.5V, All Other Pins 

Not Under Test = 0V) 

-10 

10 

MA 


1 0 (L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, 0V < Vqut ^ v cc) 

-10 

10 

juA 


V OH 

OUTPUT LEVEL 

Output "H" Level VOLTAGE (i0UT=—5mA) 

2.4 

- 

V 


•OL 

OUTPUT LEVEL 

Output "L" Level VOLTAGE (Iqut = 4.2mA) 

- 

0.4 

V 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514256P/ 

J/Z-85 

TC514256P/ 
J/Z-10 

TC514256P/ 
J/Z-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*RC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


t RMW 

Read-Modify-Write Cycle Time 

225 

- 

255 

- 

295 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

70 

- 

ns 


tpFfMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

110 

- 

115 

- 

140 

- 

ns 


1 RAC 

Access Time from RAS 

- 

85 

- 

100 

- 

120 

ns 

8, 13 

1CAC 

Access Time from CAS 

- 

30 

- 

30 

- 

35 

ns 

8, 13 

t AA 

Access Time from Column Address 

- 

45 

- 

50 

- 

60 

ns 

8, 14 

1 CPA 

Access Time from CAS Precharge 

- 

45 

- 

50 

- 

65 

ns 

8, 14 

tCLZ 

CAS to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

5 

tOFF 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 

35 

ns 

9 

tT 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

70 

- 

80 

- 

90 

- 

ns 


t RAS 

RAS Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


t RASP 

RAS Pulse Width (Fast Page Mode) 

85 

100,000 

100 

100,000 

120 

100,000 

ns 


t RSH 

RAS Ho Id Time 

30 

- 

30 

- 

35 

- 

ns 


t CSH 

CAS Hold Time 


- 

100 

- 

120 

- 

ns 


t CAS 

CAS Pulse Width 

30 

10,000 

30 

10,000 

35 

10,000 

ns 


tRCD 

RAS to CAS Delay Time 

25 

55 

25 

70 

25 

85 


13 

t RAD 

RAS to Column Address Delay Time 

20 

40 

20 

50 

20 

60 


14 

tCRP 

CA$ to RAS Precharge Time 

10 

- 

10 

- 

10 

- 



tCPN 

CAS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 


tCP 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

15 

- 

ns 


^ASR 

Row Address Set-Up Time 

0 


0 

- 

0 

- 

ns 


f RAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

_ 

0 

- 

0 

- 

ns 


1CAH 

Column Address Hold Time 

20 

- 

20 

- 

25 

- 

ns 


1AR 

Column Address Hold Time referenced 
to RAS 

65 

- 

75 

- 

90 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

. 60 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

■t RRH 

Read Command Hold Time referenced 

to RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

t WCFI 

Write Command Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t WCR 

Write Command Hold Time referenced 

to RAS 

65 

- 

75 

- 

90 

- 

ns 


t W p 

Write Command Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


tRWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


J CWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

t DH 

Data Hold Time 

20 

- 

20 

- 

25 

- 

ns 

11 
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TC514256P/ 





ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL I PARAMETER 


R Data Hold Time referenced to RAS 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay Time 


RAS to WR ITE Delay Time 


Column Address to WRITE Delay Time 


CAS Set-Up Time (CAS before 


CAS Hold Time (CAS before RAS 
Cycle) 


RAS to CAS Precharge Time 


CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 


RAS Hold Time Referenced to OE 


OE Access Time 


OE to Data Delay 


Output buffer turn off Delay Time 
from OE 


OE Command Hold Time 


TC514256P/ 

J/Z-85 


MIN. 


TC514256P/ 

J/Z-10 


TC514256P/ 

J/Z-12 


MAX. 



• (V C c = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 




















































































TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All Voltages are referenced to Vss . 

3. I cci - Icc 3 , Icc 4 / I cc6 depend on cycle rate. 

4. I cci ' ^CC 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200/us is required after power-up followed by 8 RAS cycles before proper device opera¬ 
tion is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS initialization 
cycles instead of 8 RAS cycles are required. 

6. AC measurements assume t T = 5ns. 

7. Vih (min.) and V (L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V IH and V |L . 

8. Measured with a load equivalent to 2 TTL loads and 10OpF. 

9. t OFF (max.) and t 0EZ (max.) define the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

10. Either t RC H or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-modify-write cycles. 

12. twcs. 1 rwd< t C wD an d t AWD are not restrictive operating parameters. They are included the data sheet as 
electrical characteristics only. If twcs > twcs (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If t RW d ^ t RW D( m i n -)< tcwD ^ tcwD^io-) and 
tAwo ^ tAWD<min.), the cycle is a read-modify-write cycle and data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

13. Operation within the t RCD (max.) limit insures that t RAC (max.) can be met. t RC D(max.) is specified as a 
reference point only: If t RCD is greater than the specified t R cD(max.) limit, then access time is controlled by 

f CAC ■ 

14. Operation within the t RAD (max.) limit insures that t RAC (max.) can be met. t RA D(max.) is specified as a 
reference point only: If t RAD is greater than the specified t RAD (max.) limit, then access time is controlled by 

f AA- 
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TC514256P/J/Z-85, TC514 
TC514256P/ J/Z-l 2 


• READ CYCLE 



• WRITE CYCLE (EARLY WRITE) 
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• FAST PAGE MODE READ CYCLE 



• FAST PAGE MODE WRITE CYCLE 







































TC514256P/J/Z-85, T 
TC514256P/J/Z-12 


t CSH 


t RCD 


t PRMW 


t CAS 


r RAH 


t CWD 


Z RCS 


t CWD 


r CWL 


• FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


1/01 v 
1/04 v: 


/o 



























TG514256P/J/Z-85, TC514256P/J/Z-10 

TC514256P/J/Z-12 


• RAS ONLY REFRESH CYCLE 



• CAS BEFORE RAS REFRESH CYCLE 



NOTE: WRITE, OE, AO ~ A8 = "H" or "L" 


(/// : "H" or "L" 
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TG514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


t RSH 


t ASC 


• HIDDEN REFRESH CYCLE (READ) 


:h 





















7 /// : "H" or "L 
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TC514256P/J/Z-85, TC514256P/J/Z-10 
TC514256P/J/Z-12 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


. t CSR ^CHR 


• READ CYCLE 


i/oi-i/04 un . 

V 0L — 

► WRITE CYCLE 


r ASC | | t CAH 

i C COLUMN 
i ADDRESS 


._ Z AA 

i^RCS t CAC 




^ROH 






U4 



t OEZ 

_ 






r DH 


VALID DATA-IN 


't'AWD 



I/01-I/04 


: "H" or "L' 


"C0AC 

t CLZ *" t QEZ *ES t D H , 

; r ~V \ /tf VALID 

^ ^ , ] K ^data-in 

VALID DATA-OUT 













TC514256P/ 

TC514256P/ 


OUTLINE DRAWINGS 

• Plastic DIP 


Unit in ram 


n 01 
0.25_ o.05 


NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with 
respect to No. 1 and No. 20 leads. 

All dimensions are in millimeters. 









514256P/J/Z-85 

514256P/J/Z-12 


3.5 5MAX. 












TC514256P/J/Z-85, TC514256P/J/Z-10 

TC514256P/J/Z-12 


• Plastic ZIP 


Unit in mm 





NOTE: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; 
no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 


262,144 W0RDX4 BIT DYNAMIC RAM 
SILICON GATE CMOS 


TC514256PL/JL/ZL-85,TC514256PL/JL/ZL-10 

TC514256PL/JL/ZL-12 


DESCRIPTION 

The TC514256PL/JL/ZL is the new generation dyna¬ 
mic RAM organized 262,144 words by 4 bits. The 
TC514256PL/JL/ZL utilizes TOSHIBA'S CMOS Silicon 
gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both in¬ 
ternally and to the system user. The TC514256PL/JL/ZL 
is’suited for use in low power applications where battery 
operation and battery back up for nonvolatility are re¬ 
quired. Multiplexed address inputs permit the TC514256 


PL/JL/ZL to be packaged in a standard 20 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. 
The package size provides high system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. System oriented features 
include single power supply of 5V ± 10% tolerance, 
direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 


• 262,144 word by 4 bit organization 

• Fast access time and cycle time 



TC514256P/J/Z-85-10-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

tAA 

Column Address Access Time 

45ns 

50ns 

60ns 

*CAC 

CAS Access Time 

30ns 

30ns 

35ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tPC 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V ± 10% with a built-in V BB 
generator 

PIN CONNECTION (TOP VIEW); 

Plastic DIP Plastic SOJ Plastic ZIP 


• Lower Power 

413mW MAX. Operating (TC514256PL/JL/ZL/85) 
358mW MAX. Operating (TC514256PL/JL/ZL-10) 
303mW MAX. Operating (TC514256PL/JL/ZL-12) 
1.7mW MAX. Standby 

• Output unlatched at cycle end allows two-dimensional 

chip selection _ _ 

• Read-Modify-Write, CAS before RAS refresh, RAS- 
only refresh, Hidden refresh, and Fast Page Mode 
capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/64ms 

• Package Plastic DIP : TC514256PL 

Plastic SOJ : TC514256JL 
Plastic ZIP : TC514256ZL 



PIN NAMES 


A0 ~ A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 ~ 1/04 

Data Input/Output 

Vcc 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 


I/Cl l/GZ 1/'031/t>4 

























TC514256PL/J L/ZL-85, TC514256PL/JL/ZL-10 
TC514256PL/J L/ZL-12 

ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V, N 

-1 ~7 

V 

1 

Output Voltage 

V OUT 

-1 ~7 

V 

1 

Power Supply Voltage 

a 

CJ 

> 

-1 ~7 

V 

1 

Operating Temperature 

T OPR 

0 ~ 70 

°C 

1 

Storage Temperature 

T STG 

-55 ~150 

°c 

1 

Soldering Temperature-Time 

T SOLDER 

260-10 

°C-sec 

1 

Power Dissipation 

p D 

600 

mW 

1 

Short Circuit Output Current 

'out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V, H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V, L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (v cc = 5V ± 10 %, Ta = o ~ 70°c) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

■cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R c = IRC MIN.) 

TC514256PL/J L/ZL-85 

- 

75 


n 

TC514256PL/J L/Z L-10 

- 

65 

TC514256PL/J L/Z L-12 

- 

55 

B 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS = V| H ) 

- 

2 



1 CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS = Vih : t R c = t RC MIN.) 

TC514256PL/J L/Z L-85 

- 

75 

mA 



- 

65 


- 

55 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS = Vil , CAS, Address Cycling: tpc = tpc MIN. 

TC514256PL/J L/Z L-85 

- 

55 

mA 

3,4 


- 

45 

TC514256PL/JL/ZL-12 

- 

35 


STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CAS= Vcc-0.2V) 

- 

300 

juA 



CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t Rr = t Rr MIN.) 

TC514256PL/J L/Z L-85 

- 

75 

mn 

3 

TC514256PL/JL/ZL-10 

- 

65 

TC514256PL/JL/ZL-12 

- 

55 

1 CC7 

BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP 

Mode (CAS = CAS Before RAS Cycling or 0.2V, OE = V cc -0.2V 

WRITE = V cc -0.2V or 0.2V, A 0 _ 8 = V CC -0.2V or 0.2V, I/O, .4 = V CC 
-0.2V, 0.2V or OPEN: t RC = 125/is, t RAS = t RAS MIN. ~ 1/is) 

- 

300 

H 

3, 5 

1 1(0 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV ^ Vin ^ 6.5V, All Other Pins 

Not Under Test = OV) 

-10 

10 

pA 


'oil) 

OUTPUT LEAKAGE CURRENT 
(Dout is disabled, OV ^ Vout ^ Vcc) 


10 



VOH 

OUTPUT LEVEL 

Output "H" Level VOLTAGE (Iq ut =— 5mA) 

2.4 

- 

n 


_l 

o 

> 

OUTPUT LEVEL 

Output "L" Level VOLTAGE (Iout = 4.2mA) 

- 

0.4 

V 
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TC514256PL/JL/ZL-85, TC514256PL/JL/ZL-10 
TC514256PL/JL/ZL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c = 5V± 10%, Ta = 0 ~ 70°C) (Notes 6, 7,8) 


SYMBOL 

PARAMETER 

TC514256PL/ 

JL/ZL-85 

TC514256PL/ 
JL/ZL-10 

T C514256PL/ 
JL/ZL-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


t RMW 

Read-Modify-Write Cycle Time 

225 

- 

255 

- 

295 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

55 

- 

70 

- 

ns 


t PRMW 

Fast Page Mode Read-Modify-Write 

Cycle Time 

110 

- 

115 

- 

140 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

100 

- 

120 

ns 

9, 14 

tCAC 

Access Time from CAS 

- 

30 

- 

30 

- 

35 

ns 

9, 14 

t AA 

Access Time from Column Address 

- 

45 

- 

50 

- 

60 

ns 

9, 15 

1 CPA 

Access Time from CAS Precharge 

- 

45 

- 

50 

- 

65 

ns 

9, 15 

^ CLZ 

CAS to output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

6 

tOFF 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 

35 

ns 

10 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

8 

t RP 

RAS Precharge Time 

70 

- 

80 

_ 

90 

- 

ns 


t RAS 

RAS Pulse Width 




10,000 

120 

10,000 

ns 


11 RASP 

RAS Pulse Width (Fast Page Mode) 


| 


100,000 

120 


ns 


t RSH 

RAS Hold Time 

30 

- 

30 

- 

35 

- 

ns 



CAS Hold Time 

85 

- 



120 

- 

ns 


t CAS 

CAS Pulse Width 

30 

10,000 

30 


35 

10,000 

ns 


^ RCD 

RAS to CAS Delay Time 

25 

55 

25 


25 

85 

ns 

14 

t RAD 

RAS to Column Address Delay Time 

20 

40 

20 

50 

20 

60 



t CRP 

CAS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 



tCPN 

CAS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 


t CP 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

15 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


X ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

20 

- 

20 

- 

25 

- 

ns 


*AR 

Column Address Hold Time referenced 
to RAS 

65 

- 

75 

- 

90 

- 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

60 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


Irch 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

11 

tRRH 

Read Command Hold Time referenced 
to RAS 

0 

- 

0 

- 

0 

- 

ns 

11 

twCH 

Write Command Hold Time 

20 

- 

20 

_ 

25 

- 

ns 


twCR 

Write Command Hold Time referenced 
to RAS 

65 

- 

75 

- 

90 

- 

ns 


t WP 

Write Command Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


( RWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


t CWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

30 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

t DH 

Data Hold Time 

20 

- 

20 

- 

25 

- 

ns 

12 
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TC514256PL/JL/ZL-85, TC514256PL/JL/ZL-10 
TC514256PL/JL/ZL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514256PL/ 

JL/ZL-85 

TC514256PL/ 

JL/ZL-10 

TC514256PL/ 
JL/ZL-12 


NOTES 

MIN. 

MAX. 



MIN. 

MAX. 

t DHR 

Data Hold Time referenced to RAS 

65 

- 

75 

- 

90 

- 



t REF 

Refresh Period 

- 

64 

- 

64 

- 

64 

ms 



Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 


13 

I 

CAS to WRITE Delay Time 


- 


- 


- 

ns 



RAS to WRITE Delay Time 

120 

- 


““ 


- 


13 

f AWD 

Column Address to WR ITE Delay Time 

80 

- 


- 


- 



tcSR 

CAS Set-Up Time (CAS before RAS 
Cycle) 

10 

- 

IB 

- 


- 





30 

- 


- 


- 



tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


n 

CAS Precharge Time (CAS before RAS 
Counter Test Cycle) 


- 


- 

60 

- 



tROH 


20 

- 

20 

- 

20 

- 

ns 


tOEA 

OE Access Time 

- 

25 

- 

25 

- 

30 

ns 


tOED 

OE to Data Delay 

25 

- 

25 

- 

30 

- 

ns 


t OEZ 

Output buffer turn off Delay Time 
from OE 

0 

25 

0 

25 

0 

30 

ns 


tQEH 

OE Command Hold Time 

25 

- 

25 

- 

30 

- 

ns 



CAPACITANCE (V cc = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 



PARAMETER 

MIN. 


UNIT 

Cn 

Input Capacitance (A 0 ~ A 8 ) 

- 


PF 

C I2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

pF 

Co 

Output Capacitance (l/O t ~ l/0 4 ) 

- 

7 

PF 
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TC514256PL/JL/ZL-85, TC514256PL/JL/ZL-10 
TC514256PL/JL/ZL-12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All Voltages are referenced to V ss . 

3. Icci / I cc 3 < Icc 4 < ICC6 > Icc 7 depend on cycle rate. 

4. Icci - Icc 4 depend on output loading. Specified values are obtained with the output open. 

3- t RAS (max.) = Ijus is only applied to refresh of battery-back up. t RAS (max.) = lOjus is applied to functional 
operating. 

6. An initial pause of 200jus is required after power-up followed by 8 RAS cycles before proper device opera¬ 
tion is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS initialization 
cycles instead of 8 RAS cycles are required. 

7. AC measurements assume t T = 5ns. 

8. Vih (min.) and V !L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between Vih and Vu_ . 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10 . t 0 FF (max.) and t 0 Ez (max.) define the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

11. Either t RC H or t RRH must be satisfied for a read cycle. _ 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in 
read-modify-write cycles. 

13. twcs, t RWD , tcwDand t A woare not restrictive operating parameters. They are included the data sheet as 
electrical characteristics only. If t WC s ^ fwcs( m i n -h the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If t RWD > t RW D( m > n -), tcwD ^ tcwDimm.) and 
t A wD ^ t A wD (min.), the cycle is a read-modify-write cycle and data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

14. Operation within the t RCD (max.) limit insures that t RAC (max.) can be met. t RCD (max.) is specified as a 
reference point only: If t RCD is greater than the specified t RCD (max.) limit, then access time is controlled by 

f CAC- 

15. Operation within the t RAD (max.) limit insures that t RAC (max.) can be met. t RAD (max.) is specified as a 
reference point only: If t RAD is greater than the specified t RAD (max.) limit, then access time is controlled by 

f AA- 
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TC514256PL/JL/ZL 

TC514256PL/JL/ZL 


valid data-out 


open 


tCAS 


t RCS 


t RCH 


tAA 


t ROH 


t RAS 


t AR 


t RSH 


t CAS 


t AR 


• READ CYCLE 


t RAS 


• WRITE CYCLE (EARLY WRITE) 


tRC 


RAS 


VlH ~ 
VlL “ 


CAS 


VlH — 
VlL — 


A0-A8 


VlH — 
VlL ~ 


I/O 1-1/04 


WRITE 


VlH — 1 
VlL —‘ 


OPEN 

































TC514256PL/JL/ZL-85, TC514256PL/JL/ZL-10 
TC514256PL/JL/ZL-12 


WRITE CYCLE (OE CONTROLLED WRITE) 


WRIT I 


1/01-1/04 



• READ-MOD IFY-WRITE CYCLE 
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4256PL/JL/ZL-85, TC514256PL/JL/ZL-10 
4256PL/JL/ZL-12 


• RAS ONLY REFRESH CYCLE 


.ADDRESS 


NOTE: WRITE, OE: "H" or "L 


• CAS BEFORE RAS REFRESH CYCLE 


'CHR 


NOTE 




















TC514256PL/JL/ZL-85, TC5142S6PL/JL/ZL-10 

TC514256PL/JL/ZL-12 


• FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TC514256PL/J 

TC514256PL/J 


FRSH 


t RAD 


C RAH 


t WCH 


twp 


t DH 


COLUMN 

ADDRESS 


VALID DATA 


— A-2 


C RC 


• HIDDEN REFRESH CYCLE (WRITE) 


Fcah 

























TC514256PL/JL/ZL-85, TG5 
TC514256PL/JL/ZL-12 








• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 


I/O 1—1/04 


• WRITE CYCLE 


V IL -' 

V IH — ’ 
V IL —' 


I/O 1-1/04 


READ-MODIFY-WRITE CYCLE 


t CPT 


-- 

t RSH 



tCAS 

\T 


> 


L 


L_ 


C RAL 



t ASC 

~ 


t CAH i 





'___^ 



; saga, : WMIMMl 




t AA 



tRCS 


tCAC 

- 


~rrr 


_ 




VALID DATA-OUT 


CWCS twCH 


tDS | I tpH 

r-— 1 - 

valid data-in 


tATO 

tcwp 



I/O 1-1/04 


Lied 

iq ez tps , 

N~ VALID 
lx's DAT A- IN 


VALID DATA-OUT 
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OUTLINE DRAWINGS 

• Plastic DIP 


20 19 18 17 16 15 14 13 12 11 



12 345 67 89 10 


Unit in mm 




0.1 

0.25_ o,05 


NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with 
respect to No. 1 and No. 20 leads. 

All dimensions are in millimeters. 





















TC5142a6PL/JL/ZL-85, TC514256PL/JL/ZL-10 
TC514256PL/JL/ZL-1 


• Plastic ZIP 


Unit in mm 



1 3 5 7 9 11 13 15 17 19 


/jono 

fl F 


rWY 

: 



2468 12 14 16 18 20 


NOTE: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; 
no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 




TOSHIBA MOS MEMORY PRODUCTS 


DESCRIPTION 


TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/ AZ-10 


The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514256AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514256AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 


MATURES 

' 262,144 word by 4 bit organization 
Fast access time and cycle time 



T C 514256 AB/AJ/AZ -V 0 /- 80 / -10 

c RAC 

RAS Access Time 

70ns 

80ns 

100ns 

tAA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

tRC 

Cycle Time 

130ns 

150ns 

190ns 

tPC 

Fast Page Mode 
Cycle Time 

40ns 

_ 

45ns 

55ns 


• Single power supply of 5V±10% with a 
built-in Vgg generator 

PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ Plastic ZIP 



I/01[?^ 

1/02 C 2 
’.TRITE C 3 

RAS [ 4 

N.o. [ 5 


AO 

Aid 

A2d 
A3 D 

vccfl 


2S ] "SS 
25 ] 1/04 
34 ] 1/03 
23 ] CAS 
22 ] 03 


] AS 
3 A7 

3 A6 

3 a5 
3 A4 


OE 
V'O 3 
"SS 
1/02 
PAS 
AO 
A2 
ZCC 
A5 


50 

IB] 

U23 


i _6 

[£' 

[E| 

[u 

[16 

[i§ 

fao’ 


CAS 

1/04 

Voi 


T7RITE 

Al 

AZ 

A4 

A6 

AS 


PIN NAMES 


AO ^ A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 v 1/04 

Data Input/Output 

vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


Low Power 

440mW MAX. Operating(TC514256AP/AJ/AZ-70) 
385mW MAX. Operating(TC514256AP/AJ/AZ-80) 
330mW MAX. Operating(TC514256AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh, and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514256AP 
Plastic SOJ: TC514256AJ 
Plastic ZIP: TC514256AZ 


BLOCK DIAGRAM 


I/O I 1/02 I/O 3 1/04 

L_L_LJ 


V7RIT3 O- 


? ? 

a 


DATA IN 


DATA OUT 

BUFFER 

1 

BUFFER 


MO.2 CLOCK 
GENERATOR 


AO C 
AI C 
A2 O-H 
A3 C 
A4 C 


Pd 


COLUMN 

address 

3UFFER(9) 


.REFRESH 

CONTROLLER 




u 


9 j—| com 


REFRESH 
COUNTER!9) 


. . ADDRESS 
TN BUFFER! 9) 


CCLUiN 

DECODER 


3ENSE AMP 
I/O CATE 


NO.1 CLOCK 

M 



' 

GENERATOR 

F 



512—I 
X 4 




MEMORY 

arrat 

512X512X4 


substrate bias 

GEMERATCH 
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TC514256AP/AJ/ AZ-70, 
TC514256AP/A J/AZ-10 

ABSOLUTE MAXIMUM RATINGS 



56AP/AJ/AZ-80 



ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1 V 7 

V 

1 

Output Voltage 

v 0UT 

-1 W 

V 

1 

Power Supply Voltage 

V CC 

-1 v 7 

V 

1 

Operating Temperature 

topr 

0 V 70 

°C 

1 

Storage Temperature 

t STG 

-55v150 

°C 

1 

Soldering Temperature • Time 

T SOLDER 

260 • 10 

°C*sec 

1 

Power Dissipation 

PD 

600 

mW 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

vcc 

Supply Voltage 

4.5 

VlH 

Input High Voltage 

2.4 

VlL 

Input Low Voltage 

-1.0 


(Ta=0 v 70 C) 


TYP. 



MAX. 

UNIT 

NOTES 

5.5 

V 

2 

6.5 

V 

2 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0v70°C) 


SYMBOL 

| PARAMETER 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R Q=t^Q MIN.) 

I TCSU256AP/a;AAZ -70 

1TC 5M256AP/XJ/AZ -80. 
TC 5142S5AP/AJ/AZ - 10 

TCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 




RAS ONLY REFRESH CURRENT _ tcsi^ap/aj/az-70 

Average Power Supply Current, RAS Only Mode tc514zs6a£/aj/az-80 
(RAS Cycling, CAS—^RC = ^"RC ^IN.) tcok^ssae/aj/Az-io 


FAST PAGE MODE CURRENT tcsb^ssap/At/Az-^o 

Average Power Supply Current, Fast Page Mode tc sj^^ap/a z/xl - so 
(RAS=V il , CAS, Address Cycling: tp^=tp^ MIN.) t:5uss6ap/x;/az-io 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V cc -0.2V) 


CAS BEFORE RAS REFRESH CURRENT TC5I4^ap/ajXaz-7o 

Average Power Supply Current, CAS Before tc 5 J 42 ^ae/aj/ai -80 

RAS Mode (RAS, CAS Cycling: tftc =t RC MIN.) tc 5 ] 4256 ap/aj/az-io 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV= Vjn ~ 6.5V, All Other Pins Not Under Test=0V) 


OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV ~ Vqut= V CC) 


OUTPUT LEVEL 

Output "H" Level VOLTAGE (IoUT = “ 5mA ) 


OUTPUT LEVEL 

Output "L" Level VOLTAGE (I 0 UT = A.2mA) 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^ 70°C)(Notes 5, 6, 7) 


TC514256AP TC514256AP TC514256AP 


SYMBOL PARAMETER 

t RC Random Read or Write Cycle Time 

tRMW Read-Modify-Write Cycle Time 

tpc Fast Page Mode Cycle Time 

^ Fast Page Mode Read-Modify- 

tpRMW „ ... ', 

Write Cycle Time 

fc RAC Access Time from RAS 

t CAC Access Time from CAS 

t AA Access Time from Column Address 

t CPA Access Time from CAS Precharge 

t CLZ CAS to output in Low-Z 

tOFF Output Buffer Turn-off Delay 

t T Transition Time (Rise and Fall) 

C RP RAS Precharge Time 

'•RAS RAS Pulse Width _ 

‘ t RASP RAS Pulse Width (Fast Page Mode) 

CrSH RAS Hold Time 

i- - - 

t CSH CAS Hold Time 

^CAS CAS Pulse Width 

t RCD RAS to CAS Delay Time 

C RAD RAS to Column Address Delay Time 
t CRP CAS to RAS Precharge Time 

t CPN CAS Precharge Time 

CAS Precharge Time 
^ (Fast Page Mode) 

c ASR Row Address Set-Up Time 

*-RAH Row Address Hold Time 

T-ASC Column Address Set-Up Time 

c CAH Column Address Hold Time 

Column Address Hold Time 

Lad _ 

referenced to RAS 

t RAL Column Address to RAS Lead Time 

^RCS Read Command Set-Up Time 

^RCH Read Command Hold Time 


UNIT NOTES 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

130 

- 

150 

- 

180 

185 

- 

205 

- 

245 

40 

- 

45 

- 

55 

95 

— 

100 

- 

115 


70 

- 

80 

- 

100 

ns 

8,13 

20 

- 

20 

- 

25 

ns 

8,13 

35 

- 

40 

- 

50 

ns 

8,14 

35 

- 

40 

- 

50 

ns 

8,14 

- 

0 

- 

0 

- 

ns 

5 * 

20 

0 

20 

o 

20 

ns 

9 

50 

3 

50 

3 

50 

ns 

7 

- 

60 

- 

70 

- 

ns 


,000 

80 

10,000 

100 

10,000 

ns 


,000 

80 

LOO,000 

100 

100,000 

ns 



20 10,000) 20 10,000 25 10,000 ns 


ns 13 
ns 14 


ns 

ns 

ns 10 











TC514256AP/AJ/AZ 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

C RRH 

Read Command Hold Time 
referenced to RAS 

C WCH 

Write Command Hold Time 

t WCR 

Write Command Hold Time 
referenced to RAS 

tWP 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

tCWL 

Write Command to CAS Lead Time 

C DS 

Data Set-Up Time 

tDH 

Data Hold Time 

t DHR 

Data Hold Time referenced to 

RAS 

C REF 

Refresh Period 

c WCS 

Write Command Set-Up Time 

fc CWD 

CAS to WRITE Delay Time 

t RWD 

RAS to WRITE Delay Time 

C AWD 

Column Address to WRITE Delay 
Time 

C CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

c RPC 

RAS to CAS Precharge Time 


CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 

t ROH 

RAS Hold Time referenced to OE 

c OEA 

OE Access Time 

t OED 

OE to Data Delay 

t OEZ 

Output buffer turn off Delay 
Time from OE 

t -OEH 

OE Command Hold Time 




CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0%70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A8) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 


pF 

c 0 

Input/Output Capacitance (1/01^1/04) 

- 

7 

pF 
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TCS14256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss* 

3- ^Cl* r CC3> r CC4» I CC6 depend on cycle rate. 

4. IcCl» ^-CC4 depend on output loading. Specified value 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal ref res h 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tq=5ns. 

7. Vpg(min.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vpg and Vjl- 

3. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. topp(max.) and tQEz(max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t^cH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write cycles. 

12. tijcg, tRWD> bCWD and tAWD are not restrictive operating parameters. They are in¬ 
cluded in the data sheet as electrical characteristics only. If ty^g= tyQg(min.) 
the cycle is an early wirte cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD= tRWI)(min.)» tcWD = tcwD(min.) 
and t^WD= tAWDCmin.), the cycle is a read-modify-write cycle and data out will 
contain data read from the selected cell: If neither of the above sets of con¬ 
ditions is satisfied, the condition of the data out (at access time) is in¬ 
determinate. 

13. Operation within the tRcp(max.) limit insures that t RAC (max.) can be met. 
tRcx)(max.) is specified as a reference point only: If t KCD is greater than the 
specified tRQ)(max.) limit, then access time is controlled by t caC* 

14. Operation within the tRAD(max.) limit insures that tRAC( max# ) can be met. 

t rad (max.) is specified as a reference point only: If t^p is greater than the 
specified tj^y^max.) limit, then access time is controlled by t^. 
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C514256AP/A J/AZ-8 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
















RAS ONLY REFRESH CYCLE 


CAS BEFORE RAS REFRESH CYCLE 


Note: WRITE, OE, AO^ A8="H" or "L" 


OPEN 



















zmmfi 


56AP/AJ/AZ-80 


TC514256AP/AJ/AZ-70, TC514 
TC514256AP/AJ/AZ-10 


HIDDEN REFRESH CYCLE (WRITE) 


COLUMN 

ADDRESS 


- A-232 — 















CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


' lii - / 

A0-A8 A 

VlL —J- 


READ CYCLE 






I/O 1-1/04 
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OUTLINE DRAWINGS 

• Plastic DIP 


R 1.0 


Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.20 leads. 

All dimensions are in millimeters. 











TC514256AP/AJ/AZ-70, TC514256AP/A J/AZ-80 
TC514256AP/A J/AZ-10 


INDEX DOT 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TG514256API/AJL/AZL-70, TC514256APL/AJL/AZL-80 
DESCRIPTION TC514256APL/AJL/AZL-10 


The TC514256APL/AJL/AZL is the new generation dynamic RAM organized 262,144 words by 4 bits. The 
TC514256APL/AJL/AZL utilizes TOSHIBA’S CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the system user. Multiplexed address inputs 
permit the TC514256APL/AJL/AZL to be packaged in a standard 20 pin plastic DIP, 26/20 pin plastic SOJ and 
20/19 pin plastic ZIP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V±10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle tine 




TC514256AB 'AJ/ AZ -7Q/-80/ -10 

Pp.AC 

RAS Access Tine 

70ns 

80ns 

100 ns 

tAA 

Column Address 
Access Time 

35ns 

40ns 

.... 

50ns 

t CAC 

CAS Access Time 

20 ns 

20 ns 

25ns 

c RC 

Cycle Time 

130ns 

150ns 

190ns 

t?c 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% with a 


built-in Vg B generator 


• Low Standby Current : 200/iA max. 

• Extended Refresh Period : 512 cycles/64ms 

• Low Power 

440mW MAX. Operating (TC51425APL/AJL/AZL-70) 
385mW MAX. Operating (TC51425APL/AJL/AZL-80) 
330mW MAX. Operating (TC51425APL/AJL/AZL-10) 

1.1 mW MAX. Standby 

• Read-Modify-Write, CAS before RAS refresh, RAS-only 
refresh, Hidden refresh, and Fast Page Mode capability 

• All inputs and outputs TTL compatible 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic SOJ 

1 


Plastic ZIP 



PIN NAMES 


A0 ^ A8 

Address Inputs 

RAT 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

0E 

Output Enable 

1/01 -v 1/04 

Data Input/Output 

vcc 

Power (+ 5 V) 

vss 

Ground 

N.C. 

No Connection 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
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TOSHIBA MOS MEMORY PRODUCTS 


TCS14266AP/flJ/AZ-70, TC514266AP/AJ/AZ-80 
description TC514266AP/AJ/AZ-10 

The TC514266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TC514266AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514266AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform¬ 
ance logic families such as Schottky TTL. 


FEATURES 

• 262,144 words by 4 bit organization 

• Fast access time and cycle time 



TC514266AP/AJ/AZ 
-70/-80/-10 

tRAC RAS Access Time 

70ns 

80ns 

100 ns 

Column Address 
tAA A. CC ess Time 

35ns 

40ns 

50ns 

tCAC CAS Access Time 

20 ns 

20 ns 

25ns 

t RC Cycle Time 

130ns 

150ns 

180ns 

Fast Page Mode 

PC Cycle Time 

40ns 

45ns 

55ns 


PIN CONNECTION (TOP view) 


• Single power supply of 5V±10% with a 

built-in VgB generator 

• Low Power 

440mW MAX. Operating(TC514266AP/AJ/AZ-70) 
385mW MAX. Operating(TC514266AP/AJ/AZ-80) 
33OmW MAC. Operating(TC514266AP/AJ/AZ-10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two- 

dimensional chip selection 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 

• All inputs and outputs TTL Compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC514266AP 


Plastic DIP 
v.vioi dT^Eo ] V 3S 
7/ 2/102 [ 2 19 ]W4/ 

WB/TOITE r ~ 10 \wn/ 


Plastic SOJ 
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■^20 
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7/1/101 (j 

1*5= 

1 

26 
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OE 



2 

19 

JW4/T04 

TO/102 [ 

2 

25 

]W4/E04 W3/103 

3] 


3 

IS 

]WI03WB^RITEC 

3 

24 
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17 
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4 

23 
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5 

16 

]GE 

N.C. [ 

5 

22 

]QE 
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L=: 

6 

15 

3 A3 

AO[ 

9 

18 

] AS 

AO 

PS 


7 

14 

]A7 

Al[ 

o 

r— 

17 

3 A7 

A2 



a 

13 

JA6 

A2[ 

11 

16 

pA6 

vcc 

p 


9 

12 

]A5 

A3[ 

12 

15 

3A5 

A5 

it! 


10 

11 

]A4 

VCC[ 

13 

14 

3 A4 

A7 

j3] 

03 

•S) 


IWB/TOITE 


PIN NAMES 
AO ^ A8 
RAS 

CAS _ 

WB/WRITE 
OE 

Wl/I01vW4/I04 


Address Inputs 
Row Address Strobe 
Column Address Strobe 
Write Per Bit/Read/ 
Write Input 

Output Enable _ 

Write Select/Data 
Input/Output 

Power (+5V) _ 

Ground _ 

No Connection 


Plastic SOJ: TC514266AJ 
Plastic ZIP: TC514266AZ 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1 W 

V 

1 

Output Voltage 

VOUT 

-1 W 

V 

1 

Power Supply Voltage 

V CC 

-1 'u 7 

V 

1 

Operating Temperature 

t OPR 

0 ^ 70 

°C 

1 

Storage Temperature 

Tstg 

-55 ^150 

°C 

1 

Soldering Temperature . Time 

t SOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


I 


SYMBOLi 

PARAMETER 

MIN. 

V CC 

Supply Voltage 

4.5 

VlH 

Input High Voltage 

2.4 

VlL 

Input Low Voltage 

-1.0 


MAX. 

UNIT 

NOTES 

5.5 

V 

2 

6.5 

V 

2 

00 

o 

V 

2 



DC ELECTRICAL CHARACTERISTICS (v C c = 5V±10%, Ta=0^7Q°C) 


SYMBOL 

PARAMETER 

MIN. 



NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRc=tRc MIN.) 

TC5142 66AS/PJ/AZ-HQ 

- 

80 

mA 

3,4 

TC514266AR/A]2iZ-80 

- 

70 

TC514255A£/Ap4Z-10 

- 

60 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS-V IH ) 

■ 

2 

mA 

■ 

X CC3 

RAS ONLY REFRESH CURRENT 

TC514266A54J/AZ-70 

- 

80 

mA 

3 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih: tRc=tRc MIN.) 

TC514266AR44^Z-60 

- 

70 

TC5142S6AB4J/AZ-10 

- 

60 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

TC514266AR4j4z^70 

- 

60 

mA 

3,4 

TC514256A&4j4Z-80 

- 

50 

(RAS=Vxl> CAS, Address Cycling: tpc=tpc MIN.) jTC5M2S6Ae^PAz-l0 

- 

40 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=ClS=V CC -0.2V) 

■ 

1 

mA 

■ 

X CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc=tRc MIN.) 

TC514266AE4j4Z-70 


80 

mA 

3 

TC514266A5 / Af / ^Z-80 

- 

70 

TC514256A^4^Z-10 

- 

60 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V £ Vjjj 1 6.5V, All Other Pins not under Test=0V) 

-10 

10 

M A 

■ 

PO(L) 

OUTPUT LEAKAGE CURRENT 

(DquT i- s disabled, 0V A Vqut - 5.5V) 

-10 

10 

yA 

■ 

< 

o 

w 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = “5mA) 

2.4 

- 

V 

■ 

h4 

O 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = 4.2mA) 

- 

0.4 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta=0'W0°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514266AP 

-70 



UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


C RMW 

Read-Modify-Write Cycle Time 

185 

- 

205 

- 

245 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 



tPRMW 

Fast Page Mode Read-Modify-Write 
Cycle Time 

95 

■ 

100 

a 

115 

■ 

ns 


c RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

c CAC 

Access Time from CAS 

- 

20 

- 

20 

- 



8,13 

C AA 

Access Time from Column Address 

- 

35 

- 

40 

| 

Bi 


8,14 

c CPA 

Access Time from CAS Precharge 

- 

35 

- 






c CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 



c OFF 

Output Buffer Turn-Off Delay 

0 

20 

0 

20 

0 



9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 


3 




C RP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 



80 


100 

10,000 

ns 


RASP 

RAS Pulse Width (Fast Page Mode) 


■E 

80 


100 

100,000 

ns 


C RSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


c CSH 

CAS Hold Time 

70 


80 

- 

100 

- 

ns 


c CAS 

CAS Pulse Width 

20 








c RCD 

RAS to CAS Delay Time 

20 


20 

60 

25 



13 

t RAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

c CRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


c CPN 

CAS Precharge Time 

10 

- 

10 

- 

15 

- 



tCP 

CAS Precharge Time (Fast Page Mode) 

10 

- 

10 

- 

10 

- 



C ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


C RAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


t -ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


c CAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


C AR 

Column Address Hold Time 
referenced to RAS 

55 

■ 

60 

■ 

75 

■ 

ns 


C RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 


ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


c RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

C RRH 

Read Command Hold Time 
referenced to RAS 

0 

■ 

0 

■ 

0 

■ 

ns 

10 










































































































































































11 


TC51426 
TC514266AP/AJ/ AZ-1 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


TC514266AP TC514266AP TC514266AP 
-70 -80 -10 


MIN. MAX. MIN. MAX. MIN. MAX. 



Write Command Hold Time 


Write Command Hold Time referenced 
to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


tDHR I Data Hold Time referenced to RAS 


Refresh Period 


Write Command Set-Up Time 


CAS to WRITE Delay Time 


C RWD RAS to WRITE Delay Time 


tAWD Column Address to WRITE Delay Time 


c CSR CAS Set-Up Time(CAS before RAS Cycle) 10 




tCHR 

CAS Hold Tirae(CAS before RAS Cycle) 

30 

c RPC 

RAS to CAS Precharge Time 

0 

t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

t R0H 

RAS Hold Time referenced to OE 

10 

t 0EA 

OE Access Time 

- 

tOED 

OE to Data Delay 

20 

t 0EZ 

Output Buffer Turn off Delay Time 
from OE 

0 

tOEH 

OE Command Hold Time 

20 

t WBS 

Write Per Bit Set-Up Time 

0 

tWBH 

Write Per Bit Hold Time 

10 

c wds 

Write Per Bit Selection Set-Up Time 

0 

C WDH 

Write Per Bit Selection Hold Time 

10 



CAPACITANCE ( V CC=5V±10%, f=lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

C I1 

Input Capacitance (A0^ A8) 

Cl2 

Input Capacitance (RAS, CAS, WB/WRITE, OE) 

Co 

Input/Output Capacitance (Wl/101^W4/I04) 



MAX. 

UNIT 

5 

pF 

7 

P F 

7 

pF 




















































































































































































TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/ AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgg. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal ref res h 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tq=5ns. 

7. Vifj(min.) and Vjq/max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vqg and Vq^. 

8. Measurement with a load equivalent to 2 TTL loads and lOOpF. 

9 . tQp-p (max. ) and t 0 Ez(max.) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either t^cH or C RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to 
WB/WRITE leading edge in read-modify-write cycles. 

12. t^jQg, tpqqp, t£^jj and t^y^ are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t^cs = c WCS( man *) 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) through the entire cycle; If tRVJD = tRWD(min.) , tcwD = tCWD(min.'') and 
t AWD= t AWD(min.), the cycle is a read-modify-write cycle and data out will contain 
data read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max.) limit insures that t^Ac(max.) can be met. 
tRCD( ma x.) is specified as a reference point only: If tRCD is greater than the 
specified t^QQ(max.) limit, then access time is controlled by tQAC- 

14. Operation within the tj^y)(max.) limit insures that tRAC( max ') can be met. 
tRAi)( ma x.) is specified as a reference point only: If tRAD is greater than the 
specified tg^Onax.) limit, then access time is controlled by t^. 
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WB/WRITS 


OS 
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FAST PAGE MODE READ CYCLE 


C RASP 


has 

gas 

A0~A8 

to/toXte 

03 

5V1/I01~W4/I04 

FAST PAGE 

HAS' 

GAS* 

A0~A8 


WB/WRITE 

OS' 

Wl/101~W 4/10 4 



Note: 


d in=" h ” 


"L" VJJ\ : "H" or "L" 


MODE WRITE CYCLE 















































RAS ONLY REFRESH CYCLE 



Note: WB/WRITE, OE=Don't Care 


m 


"H" 


"L" 


CAS BEFORE RAS REFRESH CYCLE 



Note: WB/WRITE, OE, AO^ A8= ”H" or "L" 


m 


'H" 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC514266AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter¬ 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. The 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hole Time specification (tR^il) has been satisfied and the address inputs 
have been changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by br ingi ng (WB/)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is ap¬ 
plied can be spe cifi ed by keeping Wi(/I0i) high with set-up and hold times re¬ 
ferenced to the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa¬ 
bility does not work and the write operation is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval tR^C and tOEA are satisfied. 

T he o utputs become valid after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffer are 
enable d. Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TCS14266AP/A J/AZ-10 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 row address (A0^A8) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles, RAS only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the Icc3 specification. 

CAS BEFORE RAS" REFRESH 

CAS before RAS refreshing available on the TC514266AP/AJ/AZ offers an alternate 
refresh method. If CAS is held on low for the specified period (t£SR) before RAS 
goes to low, on chip refresh control clock generators and the refresh address 
counter are enabled, and an internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in¬ 
cremented in preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

The "Page-Mode" feature of the TC514266AP/AJ/AZ allows for successive memory 
operations at multiple column locations of the same row address with increased speed 
without an increase in power. This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles 
in which the row address is common. This "Page Mode" of operation will not dissipate 
the power associated with the negative going edge of RAS. Also, the time required 
for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC514266AP/AJ/AZ is that refresh cycles may be per¬ 
formed while maintaining valid data at the output pin. This is referred to as Hidden 
Refresh. Hidden Refresh is performed by holding CAS at Vpp and taking RAS high and 
after a specified precharge period (tpp), executing a CAS before RAS refresh cycle, 
(see Figure below) 



This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

CAS BEFORE RAS" REFRESH COUNTER TEST 

The internal refresh operation of TC514266AP/AJ/A2 can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE MS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 512 times. 

(3) Check "1" out of 512 bits at normal read mode, which was written at (2). 

(4) Using the same column as (2) , read "1" out and write "0" in each cell perform¬ 

ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

(5) Check "0" out of 512 bits at normal read mode, which was written at (4). 

(6) Perform the above (T) to (5) to the complement data. 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.29 leads. 

All dimensions are in millimeters. 





i 


4266AP/AJ/AZ-70, TC514266AP/AJ/AZ 
4266AP/AJ/AZ-10 


INDEX DOT 


Each lead pitch 1.27mm. 

All dimensions are in millimeters 






























262,144W0RDX4BIT DYNAMIC RAM 
SILICON GATE CMOS 


TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


DESCRIPTION 

The TC514258P/J/Z is the new generation dynamic 
RAM organized 262,144 words by 4 bits. The TC514258 
P/J/Z utilizes TOSHIBA'S CMOS Silicon gate process 
technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to 
the system user. Multiplexed address inputs permit the 
TC514258P/J/Z to be packaged in a standard 20 pin 

FEATURES 

• 262,144 word by 4 bit organization 

• Fast access time and cycle time 


TC514258P/J/Z-85-10-12 


t RAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access 
Time 

45ns 

50ns 

60ns 

tCAC 

CS Access Time 

30ns 

30ns 

35ns 

l RC 

Cycle Time 

165ns 

190ns 

220ns 

tsc 

Static Column Mode 

Cycle Time 

50ns 

55ns 

65ns 


• Single power supply of 5V + 10% with a built-in V BB 
generator 


PIN CONNECTION (TOP VIEW) 

• Plastic DIP 

I/O 1 Cl 30]V SS 

1/02I 2 1931/04 

WRITE t 3 18 31/03 

HAS [ 4 17 ICS 

N.C. t 5 16 30E 

A0 [ 6 15 3A8 

A1 [ 7 14 3 A7 

A2 [ 8 13 3A6 

A3 [ 9 12 1A5 

V cc [10 11 3A4 


PIN NAMES 


> 

o 

t 

> 

CO 

Address Inputs 

RAS 

Row Address Strobe 

CS 

Chip Select 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 ~ 1/04 

Data Input/Output 

Vcc 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 


• Plastic SOJ • Plastic ZIP 



plastic DIP and 20/26 pin plastic SOJ and 20/19 pin 
plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. System 
oriented features include single power supply of 5V ± 
10% tolerance, direct interfacing capability with high 
performance logic families such as Schottky TTL. 


• Low Power 

413mW MAX. Operating (TC514258P/J/Z-85) 

358mW MAX. Operating (TC514258P/J/Z-10) 

303mW MAX. Operating (TC514258P/J/Z-12) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-dimensional 
chip selection 

• Read-Modify-Write, CS before RAS refresh, RAS-only 
refresh, Hidden refresh and Static Column Mode capa¬ 
bility 

• All inputs and outputs TTL complatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP : TC514258P 

Plastic SOJ : TC514258J 
Plastic ZIP : TC514258Z 

BLOCK DIAGRAM 


1/01 1/02 1/03 1/04 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1 ~7 

V 

1 

Output Voltage 

V OUT 

-1 ~7 

V 

1 

Power Supply Voltage 

v cc 

-1 ~7 

V 

1 

Operating Temperature 

T OPR 

0 ~ 70 

°C 

1 

Storage Temperature 

T STG 

-55 ~ 1 50 

°c 

1 

Soldering Temperature*Time 

t solder 

260*10 

C*sec 

1 

Power Dissipation 

P D 

600 

mW 

1 

Short Circuit Output Current 

1 OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V| H 

Input High Voltage 

2.4 


6.5 

V 

2 

V| L 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

UNIT 

UNITS 

NOTES 

1 CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tRC = tRC MIN.) 

TC514258P/J/2-85 

- 

75 


■ 

TC514258P/J/Z-10 

- 

65 

TC514258P/J/Z-12 

- 

55 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CS = V| H ) 

- 

2 

mA 


1 CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS = Vi h : tRC = tRcMIN.) 

TC514258P/J/Z-85 

- 

75 

mA 

3 

TC514258P/J/Z-10 

- 

65 

TC514258P/J/Z-12 


55 

*CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS = CS = Vil , Address Cycling: tsc = tsc MIN.) 

TC514258P/J/Z-85 


55 

mA 

3, 4 

TC514258P/J/Z-10 

- 

45 

TC514258P/J/Z 12. 

- 

35 

!CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS = CS = V CC -0.2V) 

- 

1 

mA 


l(X6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tpc = t rc MIN.) 

TC514258P/J/Z-85 

- 

75 

mA 


TC514258P/J/Z-10 

- 

65 

TC514258P/J/Z-12 

- 

55 

1 ML) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V <V|n <L 6.5V, All Other 

Pins Not Under Test = 0V) 

-10 

10 

jj. A 


'oil) 

OUTPUT LEAKAGE CURRENT 
('-’out' s disable, 0V ^ Vquj^ 5.5V) 

-10 

10 

ma 


VoH 

OUTPUT LEVEL 

Output "H" Level Voltage (l 0UT =—5mA) 

2.4 

- 

V 


Vql 

OUTPUT LEVEL 

Output "L" Level Voltage ( I 0 ut = 4.2mA) 

- 

0.4 

V 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V cc = 5V ± 10%, Ta = 0~70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514258P/ 

J/Z-85 

TC514258P/ 

J/Z-10 

TC514258P/ 

J/Z-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

IRC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

225 

- 

255 

- 

295 

- 

ns 


t SC 

Static Column Mode Cycle Time 

50 

- 

55 

- 

65 

- 

ns 


t SRMW 

Static Column Mode Read-Modify-Write 
Cycle Time 

125 

- 

135 

- 

160 

- 

ns 


t RAC 

Access Time from RAS 


85 

- 

100 

- 

120 

ns 

8, 13 

t CAC 

Access Time from CS 

- 

30 

- 

30 

- 

35 

ns 

8, 13 

■f AA 

Access Time from Column Address 

— 

45 

- 

50 

- 

60 

ns 

8, 14 

1 ALW 

Access Time from Last Write 

- 

85 

- 

95 

- 

115 

ns 

8, 15 

t CLZ 

CS to Output in Low-Z 

5 


5 

- 

5 

- 

ns 

8 

LL 

LL 

O 

_ 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 

35 

ns 

9 

> 

o 

X 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 


t ow 


- 

30 

- 

30 

- 

35 

ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

*RP 

RAS Precharge Time 

70 

- 

80 

- 

90 

- 

ns 


1 RAS 

RAS Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


iRASC 

RAS Pulse Width (Static Column Mode) 



100 

100,000 

120 

100,000 

ns 


t RSH 

CS to RAS Hold Time 


■ 

30 

- 

35 

- 

ns 


t CSH 

RAS to CS Hold Time 

85 

- 

100 

- 

120 

- 

ns 



CS Pulse Width 



30 

10,000 

35 

10,000 

ns 


t CSC 

CS Pulse Width (Static Column Mode) 

30 

100,000 

30 

100,000 

35 

100,000 

ns 


t RCD 

RAS to CS Delay Time 

25 

55 

25 

70 

25 

85 

ns 

13 

t RAD 

RAS to Column Address Delay Time 

20 

40 

20 

50 

20 

60 

ns 

14 

t CRP 

CS to RAS Precharge Time 

10 

- 

10 

- 

10 

- 

ns 


^CPN 

CS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 


t CP 

CS Precharge Time (Static Column 

Mode) 

10 

- 

10 

- 

15 

- 

ns 


1 ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


J RAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t AWR 

Write Address Hold Time referenced 

to RAS 

65 

- 

75 

- 

90 

- 

ns 


t AR 

Column Address Hold Time referenced 

to RAS 

100 


115 

- 

140 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

60 


ns 


tAH 

Column Address Hold Time referenced 

to RAS Rise 

10 

- 

10 

- 

15 

- 

ns 

16 

t lwad 

Last Write to Column Address Delay 
Time 

25 

40 

25 

45 

30 

55 

ns 

17 

t AHLW 

Last Write to Column Address Hold 

Time 

85 

- 

95 

- 

115 

_ 

- 

ns 
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WRITE Command Set-Up Time 
(Output Data Disable) 


CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 
Column Address to WRIT E Delay Time 
CS Set-Up Time (CS before RAS) 

CS Hold Time (CS before RAS) 

RAS to CS Precharge Time 
CS Precharge Time (CS before RAS 
Counter Test Cycle) 

RAS Hold Time Referenced to OE 

OE Access Time 

OE to Data Delay 

Output Buffer turn off Delay Time 

from OE 

OE Command Hold Time 


CAPACITANCE (V cc = 5V ± 10%, f = 1 MHz, Ta = 0 ~ 70°C) 

SYMBOLT~ PARAMETER 

Cn Input Capacitance (A 0 ~ A 8 ) 

C 12 Input Capacitance (RAS, CS, WR ITE, OE) 

C 0 Output Capacitance (I/O! ~ l/0 4 ) 



















TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. Allvoltagesare referenced to Vss. 

3. Icci , I cc 3 / I cc 4 < Icc6 depend on cycle rate. 

4. I cci - I cc 4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200fj.s is required after power-up followed by 8 RAS cycles before proper device opera¬ 
tion is achieved. In case of using internal refresh counter, a minimum of 8 CS before RAS initialization 
cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tj= 5ns. 

7. Vi h (min.) and Vil (max.) are reference levels for measuring timing of input signals. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF(max.) and toEz(max.) define the time at which the output achieves the open circuit condition and is 
not referenced to output voltage levels. 

10. Either t rch or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading edge in 
Read-Modify-Write cycles. 

12. t ws , t WH , t RWD , t CWD and t AW0 are not restrictive operating parameters. They are included the data sheet as 
electrical characteristics only. If t W s ^ tws (min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance) through the entire cycle; If t RWD ^ t RWD (min.), tcwD ^ tcwo(min.) and 
t AWD S t A wD (min.), the cycle is a Read-Modify-Wrete cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

13. Operation within the tpicD(max.) limit insures that tRAc(max.) can be met. tRCD<max.) is specified as a 
reference point only: If tRco is greater than the specified tRCD(max.) limit, then access time is controlled by 

tCAC. 

14. Operation within the tR A D(max.) limit insures that t RA c(max.) can be met. t R Ao(max.) is specified as a 
reference point only: If t R Ao is greater then the specified t RA D(max.) limit, then access time is controlled by 

t AA. 

15. Operation within the t L wAD( m ax-) limit insures that t A i_w(max.) can be met. t LWA D(max.) is specified as a 
reference point only: If t L wad is greater than the specified t L w A D(max.) limit, then access time is controlled 
exclusively by tAA- 

16. t A H is the condition to latch column address when RAS has rised up. 


— A-261 - 







TC514258 

TC514258 










l4m 


§4--' s' 


' ■• "C 'W'V ■ 






■■iiAMyi 


^SS 





READ CYCLE 


VlH - / 

V IL - _L 


- 

t CSH 

^RCD 

t RSH 




r\ 

^CS 

^RAD 



r~ - 


t AR 


ROW 

ADDRESS 


tRAL 

COLUMN ADDRESS 


r RP 

t CRP 



I.'01-I/O 4 


WRITE CYCLE (EARLY WRITE) 


t RAC 

- OPEN 


\ | . ^OEZ 

valid data-out 


: "H" or "L" 


COLUMN 

ADDRESS 


W h 


, t WH 




1/0 1-1/0 4 


t DS r DH 

c ‘ " 

VALID DATA-IN 


"H" or "L 
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TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 


• STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



- A-265 - 








I mmm 


TG51425 

TG51425 


COLUMN ADDRESS 


VALID 

DATA-IN 


t LWAD 


t CWL 


COLUMN ADDRESS 


• STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 


RAS 


AO—A8 


VlH 

VlL 


I/O 1-1/04 


I Z AA 

os r~ 

— tQvy 

t DH I ^OEA 


VALID 
DATA-OUT 


VALID 

DATA-OUT 





































rW/A 


TC514258P/J/Z-85, TC51 
TC514258P/J/Z-12 


COLUMN ADDRESS 


t RSH 


r AH 


VALID DATA-OUT 


I/O 1-1/04 


^CRP 


• HIDDEN REFRESH CYCLE (READ) 


C RC 

























\ y ;• .: 


WHITE 


■ALID DATA-IN 



TC514258P/J/Z-85, TC514258P/J/Z-10 
TC514258P/J/Z-12 



• HIDDEN REFRESH CYCLE (WRITE) 























































OUTLINE DRAWINGS 


• Plastic DIP 


Unit in mm 


NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No. 1 and No. 20 leads. 

All dimensions are in millimeters. 






P/J/Z-85 

P/J/Z-12 














• Plastic ZIP 


Unit in mm 



1 3 5 7 9 11 13 15 17 19 



2 4 6 8 12 14 16 18 20 


NOTE: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; 
no circuit patent licenses are implied, and Toshiba reserves the right, at any 
time without notice, to change said circuitry. 






TOSHIBA MOS MEMORY PRODUCTS 

TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
description TC514258AP/AJ/AZ-10 


The TC514258AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514258AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514258AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform¬ 
ance logic families such as Schottky TTL. 


FEATURES 


* 262,144 word by 4 bit organization • Low Power 

440mW MAX. 0perating(TC514258AP/AJ/AZ-70) 
385mW MAX. Operating(TC514258AP/AJ/AZ-80) 
330mW MAX. Operating(TC514258AP/AJ/AZ-10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows 
two-dimensional chip selection 

• Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC514258AP 
Plastic SOJ: TC514258AJ 
Plastic ZIP: TC514258AZ 

PIN CONNECTION (TOP VIEW) 


• Fast access time and cycle time 



TC 514258 AP/AX XZ- 70 /- 80/-10 

t RAC 

RAS Access Time 

70ns 

80ns 

100ns 

tAA 

Column Address 

Access Time 

35ns 

40ns 

50ns 

tCAC 

CS Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

130ns 

150ns 

180ns 

c SC 

Static Column 
Mode Cycle Time 

40ns 

_ 

45ns 

55ns 


• Single power supply of 5V±10% with a 
built-in Vgg generator 


Plastic DIP 

i/oitfT 
I/O 2 0 2 


WRIT 303 
RASQ 4 
N.C 
AO C 
Alt 
A2C 
A 3 [ 
V GCC 


IS] 1/04 

15] 1/0 3 
17 ]C 3 

16 ] OF 
15 ] AS 
14 ] A 7 
13 ] A 6 
12 ] Ao 
11 ] A 4 


PIN NAMES 


Plastic SOJ 

5P V ' 


1/oicT 
1 / 02 [2 
raiTE [3 
HAS [4 
N.C.t 5 


AO 

Aid 

A 2 Q 

A 3 


'CC 1 


ss 

P 1/0 4 
240 1/0 3 
23 


3 S3 
22 ]0E 


□ 9 18 


QA8 
A 7 
A 6 

j]A 5 

013 140 A 4 


10 

11 

di2 


17 ] 

16 ] 


Plastic ZIP 

oi 


1/03 

V S3 
1/02 
HAS 
A 0 
A 2 

V CC 05 j 
A 5 17 ; 
A 7 13 


L J CS 
1/04 
1/01 


a WRITS 


T3 ai 


A 3 

A 4 

A 6 

A 8 


A0 ^ A8 

Address Inputs 

RAS 

Row Address Strobe 

OB 

Chip Select 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 ^ 1/04 

Data Input/Output 

vcc 

Power (+5V) 

vss 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 


1/01 1/02 1/0 3 I/O 4 
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ABSOLUTE MAXIMUM RATINGS 

ITEM 

SYMBOL 

Input Voltage 

V IN 

Output Voltage 

V0UT 

Power Supply Voltage 

vcc 

Operating Temperature 

Topr 

Storage Temperature 

tstg 

Soldering Temperature • Time 

Tsolder 

Power Dissipation 

Pd 

Short Circuit Output Current 

I OUT 



RATING 


-1 a, 7 


-1 'v, 7 


0 v 70 


-55 ^ 150 


260 •10 


600 


50 


I 


SYMBOL 

PARAMETER 

vcc 

Supply Voltage 

VIH 

Input High Voltage 

VlL 

Input Low Voltage 


MAX. 

UNIT 

NOTES 

5.5 

V 

2 

6.5 

V 

2 

0.8 

V 

2 



DC ELECTRICAL CHARACTERISTICS (V C c=5V±10%, Ta=0v70°C) 


SYMBOL 

PARAMETER 

MIN. 

UNIT 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tRc=tRc WIN.) 

TC514258AB/AAAZ-70 

- 

80 

mA 

3,4 

rai4258AP/AJ/AZ-80 

- 

70 

TC514258AP/AJ/AZ-10 

- 

60 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V IH ) 

- 

2 

mA 


ICC3 

RAS ONLY FEFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vxh= tRC^RC MIN.) 

TC514258AP/AT/AZ-70 

- 

80 

mA 

3 

TC514258AB/AJAiZ-80 

- 

70 

TC514258AE/AJ/AZ-10 

- 

60 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static 

Column Mode 

(RAS=CS=Vpx j , Address Cycling: tsc =t SC MIN.) 

TC514258AEAI/AZ -70 

- 

60 

mA 

3,4 

TC514258AP/AJ/AZ-80 

- 

50 

TC514258ABAJAAZ-10 

- 

40 

ICC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=cs=Vnr;-0. 2v) 

- 

1 

mA 


PCC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tRc=tp_c MIN.) 

TC514258AP/AJ/AZ-70 

- 

80 

mA 

3 

TC514258AEAJ/AZ-80 

- 

70 

'TC514258AE/ATAAZ-10 

- 

60 

Il(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V<VjNi6.5V, All Other 

Pins Not Under Test = OV) 

-10 

— 

10 

PA 


J 0(L) 

OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, OV<V OU1 45.5V) 

-10 

10 

U A 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =- 5mA) 

2.4 


V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = 4.2mA) 

— 

0.4 

V 
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SYMBOL 

PARAMETER 

TC514258AP/ 

AJ/AZ-70 

TC514258AP/ 

AJ/AZ-80 

TC514258AP/ 

AJ/AZ-10 

UNIT 

NOTES 

CBS 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

IE3 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

185 

- 

205 

- 



ns 


tsc 

Static Column Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


C SRMW 

Static Column Mode Read-Modify- 
Write Cvcl Time 

100 

- 

110 

- 

135 

- 

ns 


t RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

c CAC 

Access Time from CS 

- 

25 

- 

25 

- 

30 

ns 

8,13 

C AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

t ALW 

Access Time from Last Write 

- 

65 

- 

75 

- 

95 

ns 

8,15 

c CLZ 

CS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

30 

ns 

9 

t AOK 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 


tow 

Output Data Enable Time from 

- 

20 

- 

20 

- 

30 

ns 


WRITE 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 


7 

tRP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 


10,000 

ns 


tRASC 

RAS Pulse Width (Static Column 
Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


tRSH 

CS to RAS Hold Time 

25 

- 

25 

- 

30 

- 

ns 


c CSH 

RAS to CS" Hold Time 

70 

- 

80 

- 

100 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

25, 

10,000 

30 

10,000 

ns 


tcsc 

CS Pulse Width(Static Column Mode! 




100,000 

30 

100,000 

ns 


tRCD 

RAS to CS Delay Time 

20 

45 

20 

55 

25 

70 



t RAD 

RAS to Column Addre s Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

c CRP 

CS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 



tCPN 

CS Precharge Time 

10 

- 

10 

- 

15 

- 

ns 


tCP 

CS Precharge Time 
(Static Column Mode) 

10 

- 

10 

- 

10 

- 

ns 


C ASR 

Row Address Set-up Time 

0 

- 

0 


0 

- 

ns 


Km 

Row Address Hold Time 

10 

- 

10 

- 

15 


ns 


tASC 

Column Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 


c CAH 

Column Address Hold Time 

15 


15 

- 

20 

- 

ns 


C AWR 

Write Address Hold Time 

Referenced to RAS 

55 


60 

- 

75 

- 

ns 

■ 

t AR 

Column Address Hold Time 
Referenced to RAS 

85 

- 

95 

- 

115 

- 

ns 


tRAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


t AH 

Column Address Hold Time 
Referenced to RAS Rise 

10 

- 

10 

- 

10 

- 

ns 

16 


— A-277 - 







































































































































































































TC514258AP/AJ/AZ-70, TC5I4258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-1 



PARAMETER 


TC514258AP/ TC514258AP/ TC514258AP/ 

AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNIT NOTE 
MIN. I MAX. MIN.I MAX. MIN.I MAX. 


C LWAD 

Last Write to Column Address 

Delay Time 

20 

t AHLW 

Last Write to Column Address 

Hold Time 

65 

t RCS 

Read Command Set-up Time 
Referenced to CS 

0 

t RCH 

Read Command Hold Time 

Referenced to 

0 

*-RRH 

Read Command Hold Time 

Referenced to RA8 

0 


Write Command Hold Time 

15 

c WCH 

(Output Data Disable) 

t WCR 

Write Command Hold Time 

Referenced to RAS 

55 

C WP 

WRITE Pulse Width 

15 

C WI 

WRITE Inactive Time 

10 

t RWL 

WRITE Command to RAS Lead Time 

20 

c CWL 

WRITE Command to CS Lead Time 

20 

fc DS 

Data-In Set-Up Time 

0 

C DH 

Data-In Hold Time 

15 

C DHR 

Data-In Hold Time Referenced 
to MS 

55 

tREF 

Refresh Period 

- 

C wcs 

WRITE Command Set-Up Time 
(Output Data Disable) 

0 

c CWD 

CS to WRITE Delav Time 
(READ-MODIFY-WRITE CYCLE) 

55 

tRWD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

100 

t AWD 

Column Address to WRITE Delay 

Time 

65 

tCSR 

CS Set-Up Time (CS before RAS) 

10 

tCHR 

CS Hold Time (CS before RAS) 

30 

t RPC 

RAS to CS Precharge Time 

0 

c CPT 

CS Precharge Time (CS before 

RAS” Counter Test Cycle) 

40 

t ROH 

RAS Hold Time Referenced to OE 

10 

tOEA 

OE Access Time 

- 

t OED 

OE to Data Delay 

20 

t -OEZ 

Output Buffer turn off Delay 

Time from OE 

0 

t OEH 

OE Command Hold Time 

20 
























































































































































TC514258AP/AJ/AZ-70, TG514258AP/AJ/AZ-80 
TC514258AP/A J/AZ-10 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0v70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AovAs) 

- 

5 

pF 

CI2 

Input Capacitance (RAS, CS, WRITE, OE) 

- 

7 

c 0 

Input Output Capacitance (1/01 ^1/04) 

- 

7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tT=5ns. 

7. Vpy(min.) and Vpp(max.) are reference levels for measuring timing of input signals. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF^ max *' > anc ^ t OEZ( max> ) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either t^Qjj or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modifv-Write cycles. 

12. t wcs , t W Qj, tp^, t CWD and t A yp are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t W Q 2 =t wcs (min.), the 
cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) through the entire cycle; If tpyjp>:tRT.jp(min.) , t(y,jp> tQ^p(min.) and 

c AWD^ t AW T D( m: i- n •) > the cycle is a Read-Modify-Write cycle and the data out will con¬ 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tpcp(max.) limit insures that tp^c( max *) can he met. 
tpcD( max ‘) as specified as a reference point only: If tpc:D is greater than the 
specified tRCD(max.) limit, then access time is controlled by tp^C- 

14. Operation within the tR^p(max.) limit insures that tRAC( max -) can be met. 
tRAc(m a x.) is specified as a reference point only: If tp^p is greater than the 
specified tp^p(max.) limit, then access time is controlled by t^. 

15. Operation within the tpr^plmax.) limit insures that tALW( max -) can be met. tpi^D 
(max.) is specified as a reference point only: If tpwAD is greater than the speci¬ 
fied tLWAD( max *) limit, then access time is controlled exclusively by t^A* 

16. tAH is the condition to latch column address when RAS has rised up. 
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--a- 




COLUMN 

ADDRESS 




?IH -7777777777; 


: OED , r DS 


I/O 1-1/0 4 


VALID 

DATA-IN 


READ-MODIFY-WRITE CYCLE 


TT7\ : "H" or "L" 



5 CRP| | t RCD 


VlH —■ 


'ASH tRAH 


Vih — 
VlL —! 


r row 

ADDRESS 


COLUMN ADDRESS 


Vih —' 


DO Eg t DS t DH 


I/O 1-1/04 


VALID 1 
DATA-OUT 


VALID 

DATA-IN 


IZZ3 : "H H or "L 
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TC514258AP/AJ/AZ-70, TC5 
TC514258AP/AJ/AZ-10 


STATIC COLUMN MODE READ CYCLE 

























TC514258AP/AJ/AZ-70, TC 
TC514258AP/AJ/AZ-10 


STATIC COLUMN MODE WRITE CYC1 

LE (EARLY WRITE) 



C RAL ! 


COLUMN 

ADDRESS 


COLUMN 

ADDRESS 


COLUMN 

ADDRESS 


I/O 1-1/04 


%CH I , C WI 


t WP 


tGP I i tRSH 



C DS |Cdk 


*DS , j^DH 

L VALID lO 
DATA |A 




STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


/ h ADDRESS 


COLUMN 

ADDRESS 


C OLUMN 
ADDRESS 


I/O 1-1/04 


r283 - 





































OE 


VlH 

V IL 


I/01-I/04 Vl /° H 
V I/OL 













TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 

TC514258AP/A J/AZ-10 


STATIC COLUMN MODE READ/WRITE MIXED CYCLE 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/A J/AZ-10 


RAS ONLY REFRESH CYCLE 



Note: WRITE, OE=Don't Care 


£ 2 : 


”H” 


or 


f r 


CAS BEFORE RAS REFRESH CYCLE 
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14258AP/AJ/AZ- 

14258AP/AJ/AZ 


70, TC514 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 
r. A0-A8 



COLUMN ADDRESS 


WRITE 


I/O 1—1/04 


WRITE CYCLE 


y IL — 
VlH — 


v OH - 

v OL - 




VALID DATA-OUT 1 



I/O 1—1/04 _ 

L v IL _ 

READ-MODIFY-WRITE CYCLE 

V IH — ~rm~> 


VALID DATA-IN l) 


COLUMN ADDRESS jV 


I/O 1—1/04 


y I/OL - 




Y77A : "H M or "L" 


VALID DATA-OUT 

















TC514258AP/AJ/AZ-70, TC514258AP/AJ/J 
TC514258AP/A J/AZ-10 


OUTLINE DRAWINGS 


• Plastic DIP 


20 19 18 17 16 15 14 13 12 11 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of 
with respect to No.l and No.20 leads. 

All dimensions are in millimeters. 


r290 — 


a 51MIN 



Unit in mm 


their true longitudinal position 









TG514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/A J/AZ-10 


• Plastic SOJ 

Unit in mm 





Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 


- A-291 - 








4258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
42S8AP/AJ/AZ-10 


Plastic ZIP 


Unit in mm 



1 3 5 7 9 11 13 15 17 19 


m 




td td id 


2 4 6 3 12 14 16 13 20 


te: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 


Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry 















TOSHIBA MOS MEMORY PRODUCTS 


TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


The TC514268AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514268AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514268AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

* Fast access time and cycle time 



TC514268AP/AJ/AZ 

-70/-80/-10 

c RAC HAS Access Time 

70ns 

80ns 

100ns 

... Column Address 

t A A 

Access Time 

35ns 

40ns 

50ns 

t CAC CS Access Time 

25ns 

25ns 

30ns 

c RC Cycle Time 

130ns 

. 

150ns 

180ns 

Static Column 
t 2C Mode Cycle Time 

40ns 

45ns 

55ns 


PIN CONNECTION (TOP VIEW) 


Single power supply of 5V±10% with a 
built-in Vgg generator 
Low power 

440mW MAX. Operating(TC514268AP/AJ/AZ-70) 
385mW MAX. 0perating(TC514268AP/AJ/AZ-80) 
330mW MAX. Operating(TC514268AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip selection 
Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh Write Per 
Bit, and Static Column Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514268AP 

Plastic SOJ: TC514268AJ 

Plastic ZIP: TC514268AZ 


Plastic DIP 
1/04 dl^Tch^ss 


Plastic SOJ 


1/02 [2 
Vffi/TTKETEt 3 

EAS[4r 

N.C. [5 

AO [6 
Al[ 7 
a 2 c a 
A3 [9 
VccC 10 


1 9 ] 1/04 
lg] 1/0 3' 
173CJ 
16 ] 0E 
15 3 A8 
14]A7 
133 A6 
12] A5 
113 A4 


I/OlrfP 

_ 1/02 [ 2 
3 

RASQ4 
N.G. 05 

A0[ 9 
A1C 10 
A2[ll 
A3[ 12 
V C0 dl3 


26] V SS 
25 31/04 1/03 
2431/03 Vi 
23]CS_ 


221 


nos 


Plastic ZIP 

osf 


18 ]A8 
17]A7 
16 3A6 
15 ]A5 

14J3A4 


SS _o; 

1/02 'fi 

RAS 
A0 |£. 
A2 13! 


V GC&A 
17: 


A5 


A7 0 


-5 m 



tin A1 
Hi A3 
|16 

H4 A6 

'M 


PIN NAMES 


> 

o 

R 

P> 

00 

Address Inputs 

RAS 

Row Address Strobe 

C5 

Chip Select 

WB/WRITE 

Read/Write Input 

0E 

Output Enable 

1/01 ^ 1/04 

Data Input/Output 

V CC 

Power (+5V) 

vss 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 


'^GC V SS 

? ? 

-pO 


]/0l 3/02 

L_L 


AZ 


WRITE 


DATA IN 
BUFFER 

IX 


CS 1 


Wo.2 CLOCK 
GENERATOR 


AO c 
Ale 
A2c 
A3 c 
A4c 
A5 c 
A6 < 
A7< 
A8C 




ADDRESS 
BUFFER (9) 


ESTEEM 

CONTROLLEI* 


3/03 3/04 

? f 
si 


DATA OUT 
BUFFER 

7T 


ci 


90L 

Ml 


REFRESH 
COUNTER (9) 


ROW 

| AX urs s s 
9^ BUFFER (9) 




COLUMN 

DECODER 


SENSE AilP 
/0 GATE 


No . 1 CLOCK 
GENERATOR 


X 
. ^5 

bo 


512 


KL1 


MEMORY 

ARRAY 

512X512X4 


substrate bias 

[GENERATOR 
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TC514268AP/AJ/AZ-1 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

Input Voltage 

VlN 

-l'W 

Output Voltage 

v OUT 

-1 V 7 

Power Supply Voltage 

V CC 

-1 a, 7 

Operating Temperature 

TO PR 

0 ^ 70 

Storage Temperature 

t STG 

-55 v150 

Soldering Temperature • Time 

t S0LDER 

260 • 10 

Power Dissipation 

Pd 

600 

Short Circuit Output Current 

lOUT 

50 


V 


V 


V 


°c 


°c 


°C • sec 


mW 


mA 



RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

vcc 

Supply Voltage 

4.5 

VlH 

Input High Voltage 

2.4 

V IL 

Input Low Voltage 

-1.0 


(Ta=0^ 70°C) 


TYP. 


5.0 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0 


SYMBOL 


PARAMETER 

irowsEfni 

OPERATING CURRENT 

TC5142 68AP/AJ/AZ-70 

- 

tm 

Average Power Supply Operating Current 

TC5142 6 8AP/A J/AZ-80 

- 

70 

(RAS, CS, Address Cycleing: tRc=tRC MIN.) 

TC 5142 6 8 AP/A J/AZ-10 

- 

60 


STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CS=V ih ) 



I CC3 

RAS ONLY REFRESH CURRENT 

TC 5142 6 8AP/A J/AZ-70 

- 

80 

Average Power Supply Current, RAS Only Mode 

TC 5142 68AP/AJ/AZ- 80 

- 

wm 


(RAS Cycling, CS^Vjr: tRc=tRc MIN.) 

TC 5142 6 8AP/AJ/AZ-10 

- 

60 


STATIC COLUMN MODE CURRENT 

TC514268AP/AJ/AZ-70 

- 

60 

X CC4 

Average Power Supply Current, Static Column 
Mode 

TC 5142 6 8AP/AJ/AZ-80 

- 

50 


(RAS=CS=Vjj j , Address Cycling: tg^=tg^ MIN.) 

TC 5142 68 AP/AJ/AZ-10 

- 

40 

!CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=VcC-0.2V) 

■ 

1 

I CC6 

CS BEFORE RAS REFRESH CURRENT 

TC514268AP/AJ/AZ-70 



Average Power Supply Current, CS Before 

TC514268AP/AJ/AZ-80 

- 

70 


RAS Mode (RAS, CS Cycling: tRC=tRc MIN.) 

TC5142 5 8 AP/A J/AZ-10 

- 

60 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0ViVj^i( 
Pins Not Under Test=0V) 

).5V, All Other 

-10 

10 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(DOUT is disable, 0VS VOUT£ 5.5V) 

-10 

10 

VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IouT =- 5mA) 

2.4 

- 



OUTPUT LEVEL 
Output "L" Level Voltage (IoUT = ^*2mA) 




mA 3 
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SYMBOL 

PARAMETER 

CRC 

Random Read or Write Cycle Time 

C RMW 

Read-Modify-Write Cycle Time 

c SC 

Static Column Mode Cycle Time 


Static Column Mode Read-Modify- 
Write Cyclt Time 

c RAC 

Access Time from RAS 

tCAC 

Access Time from CS 

t AA 

1 

Access Time from Column Address 

t 

ALW 

Access Time from Last Write 

c CLZ 

CS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

t AOH 

Output Data Hold Time from 

Column Address 

tow 

Output Data Enable Time from 

WRITE 

tT 

Transition Time (Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 

tRASC 

RAS Pulse Width 
(Static Column Mode) 

tRSH 

CS to RAS Hold Time 

tCSH 

RAS to CS Hold Time 

c CS 

CS Pulse Width 

tcsc 

CS Pulse Width(Static Column Mode) 

tRCD 

,RAS to CS Delay Time 

C RAD 

;RAS to Column Address Delay Time 

c CRP 

CS to RAS Precharge Time 

t CPN 

CS Precharge Time 

t CP 

CS Precharge Time 
(Static Column Mode) 

tASR 

Row Address Set-up Time 

tRAH 

Row Address Hold Time 

tASC 

'Column Address Set-up Time 

.... 

tCAH 

Column Address Hold Time 


TC514268AP/ TC514258AP/|TC514268AP/ 


AJ/AZ-70 


AJ/AZ-80 


AJ/AZ-10 UNIT NOTES 
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Bill 1 

^ •• _ '• : •:. ' 

■ 

*Z£k 



SYMBOL 

PARAMETER 

t AWR 

Write Address Hold Time Refer¬ 
enced to RAS 

C AR 

Column Address Hold Time 

Referenced to RAS 

t RAL 

Column Address to RAS Lead Time 

C AH 

Column Address Hold Time 

Referenced to RAS Rise 

t-LWAD 

Last Write to Column Address 

Delay Time 

t AHLW 

Last Write to Column Address 

Hold Time 

c RCS 

Read Command Set-up Time 

Referenced to CS 

fc RCH 

Read Command Hold Time 

Referenced to CS 

t RRH 

Read Command Hold Time 

Referenced to RAS 

tWCH 

Write Command Hold Time 
(Output Data Disable) 

t WCR 

Write Command Hold Time 

Referenced to RAS 

t WP 

WRITE Pulse Width 

C WI 

WRITE Inactive Time 

t RWL 

WRITE Command to RAS Lead Time 

tcwi 

WRITE Command to CS Lead Time 

t DS 

Data-In Set-Up Time 

tDH 

Data-In Hold Time 

t DHR 

Data-In Hold Time Referenced to 

RAS 

t REF 

Refresh Period 

twcs 

WRITE Command Set-Up Time 
(Output Data Disable) 

C CWD 

CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

t -RWD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

t AWD 

Column Address to WRITE Delay 

Time 


TC514268AP/ TC514268AP/ TC514268AP/ 

AJ/AZ-70 AJ/AZ-80 AJ/AZ-1Q UNITS NOTES 
MIN. | MAX. MIN. I MAX. MIN.I MAX. 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/ AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC514268AP/ 

AJ/AZ-70 

TC514268AP/ 

AJ/AZ-80 

TC514268AP/ 

AJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t CSR 

CS Set-Up Time (GS before RAS) 

10 

- 

10 

- 

10 

- 

ns 


t CHR 

CS Hold Time (CS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


tRPC 

RAS to CS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CS Precharge Time (CS before RAS 
Counter Test Cycle) 

40 

■ 

40 

■ 

50 

■ 

ns 

■ 

tROH 

RAS Hold Time Referenced to OE 

10 

- 

10 

- 

20 

- 

ns 


c OEA 

OE Access Time 

_ 

25 


25 

- 

30 

ns 


t OED 

OE to Data Delay 

20 

- 

20 

- 

25 

- 

ns 


t OEZ 

Output Buffer turn off Delay 

Time from OE 

0 

20 

0 

20 

0 

25 

ns 

9 

c OEH 

OE Command Hold Time 

20 

- 

20 

- 

25 

- 



t WB S 

Write Per Bit Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t WBH 

Write Per Bit Hold Time 

10 

- 

10 

- 


- 

ns 


c wds 

Write Per Bit Selection Set-Up 

Time 

0 

■ 

0 

■ 

0 

- 

ns 

■ 

t WDH 

Write Per Bit Selection Hold 

Time 

10 

■ 

10 

■ 

10 

■ 

ns 

■ 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A8) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CS, WRITE, OE) 


7 

C 0 

Input/Output Capacitance (1/01 'u 1/04) 

- 

7 


— A-297 — 






























































































TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/A J/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgg. 

3 * r cci» I cc3» I cc4» I cc6 de P end on c y cle rate * 

4. ^CCI’ -*-CC4 de P end on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vpp(min.) and Vip(max.) are reference levels for measuring timing of input 
signals. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) and t()Ez( max ‘) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either t R c R or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to C!T leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

12. PwCS* tRWD> tcWD and tAWD are not restrictive operating parameters. They 

are included the data sheet as electrical characteristics only. If tycs-PwCS 
(min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) through the entire cycle; If t R yp^ t R ^p(min.), tp^p ^ 
tcWD^® dn *) and C AWD = PAWD^™ 3 - 11, ) > tde cycle is a Read-Modify-Write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the t R pp(max.) limit insures that t R ^p(max.) can be met. 
t RCD( inax *) ds specified as a reference point only: If tRpp is greater than the 
specified t R pp(max.) limit, then access time is controlled by t^Q. 

14. Operation within the tp^p(max.) limit insures that tR^c(max.) can be met. 
PRAI)( max ' ) ds specified as a reference point only: If tj^p is greater than the 
specified t Rj a l p(max.) limit, then access time is controlled by t^. 

15. Operation within the tpy i ! L p(max.) limit insures that tALW( ma x.) can be met. 
tLWAD(max.) is specified as a reference point only: If tLWAD is greater than 
the specified tpy^p(max.) limit, then access time is controlled exclusively by 
PAA- 

16. t^g is the condition to latch column address when RAS has rised up. 
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READ CYCLE 


268AP/AJ/AZ-70 

268AP/AJ/AZ-1I 







, < j.. . i* w. . 



7RP 

:i—---4 

- 4 


VlH -■ 

VlL ~- 


FaSR pRAH 


ROW 

ADDRESS 


r- 






L 

— 

^RAL 




COLUMN ADDRESS 

- 

- 

1 

J 



t RRH 


— 

■CRCH 

IT— 


Wl/ I01-W4/I04 


y 0H - 


V 0L - 

WRITE CYCLE (EARLY WRITE) 


OPEN ——0 Y VALID DATA-OUT 

t cLz p^r- 


NOTE: D in ="H" or "L" 


1771 : "H" or "L 

























































TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


STATIC COLUMN MODE READ CYCLE 


■tap 



NOTE: D in ="H" or "L" 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-18 


RAS ONLY REFRESH CYCLE 



Note: WB/WRITE, OE=Don't Care 


CAS BEFORE RAS REFRESH CYCLE 



Note: WB/WRITE, OE, AO ^ A8="H" or "L" 


m 


"H" or "L" 


A-305 — 








TC514268AP/A J/AZ-7 
TC514268AP/AJ/AZ-1 


WE/WRITE 


t AH 


HIDDEN REFRESH CYCLE (READ) 


C RP 


^RBH 


VALID DATA-OUT 


W1/I01~W4/I04 


tRAS 


r306 — 




















TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


HIDDEN REFRESH CYCLE (WRITE) 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TCS14268AP/ A J/AZ-18 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 




8 


READ CYCLE 

A0~A8 


WB/WRITE ' IH 

YlL 


VlH — 

V IL — 


Wiyi 01-W4/I04 


WRITE CYCLE 


VlH — 
V IL- 


W1/T01-^4^104 VlH 

READ-MODIFY-WRITE CYCLE 

^IH / / / /. 


WB/WRITE V IH 

YlL — 


%BS ! r WB 


^IH — 
YlL — 


Wl/T01-W4/104 V ° H 
^0L 


r RAL 





VALID DATA-OUT 


■ 

1 

HU 

1 

mi 

■ 



























TG514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TCS14268AP/A J/AZ-10 


APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC514268AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (PAS) , latches the 9 row address bits 
into the chip. The second clock, in a read cycle column-address must be held stable 
until the access time. In a write cycle column-address are latched at the last fall¬ 
ing of edge of WRITE or CS. 


The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. The "gated CS" 
feature allows the CS clock to be externally activated as soon as the Row Address 
Hole Time specification (tR^g) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 


Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the 
RAS/CS operation. The falling edge of CS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/I0i) high with set-up and hold times referenced to 
the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa¬ 
bility does not work and the write operation is performed for all four data bits. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CS is brought low. In a read cycle the 
outputs go active after the access time interval tR&c and tQR^ are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CS and OE are low, CS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

When the OE input is brought to a logical low level, the output buffer are 
enabled. Both CS and OE can control the output. Thus in a read operation, -either 
OE or CS returning high forces the outputs into the high impedance state. 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


Plastic ZIP 


Unit in mm 




2 6.3 MAX. 


INDEX DOT 


✓ 


v v,y 


v v v v v v 

a5±ai 


vvvvvvvv 

1.27TYP. 


&OMAX 






+ao7 

0.25-a05 


1.27 TYP. 


2.54TYP. 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 














TOSHIBA MOS MEMORY PRODUCTS 


1MBit (256KX4) Field Memory 
SILICON GATE CMOS 


TC521000P 


PRELIMINARY 


DESCRIPTION 

The TC521000P is a CMOS 1Mbit Field Memory 
organized as 256K word by 4 bits, and features separate 
inputs/outputs equipped with each 8 bit serial shift 
register (32K words x 8 bit shift register x 4 bits), and 
also features a high speed operation with a clock rate of 
33MHz (serial cycle time: 30ns). The TC521000P is a 
high speed serial read/write memory with a random 
access capability per 8 words, and is suitable for use in 


field/frame memory in digital TV, VCR and other video 
application systems which requires the improvement in 
picture quality and enhancement of performance. 

The TC521000P is fabricated using TOSHIBA'S CMOS 
silicon gate process technology as well as advanced cir¬ 
cuitry to provide low power dissipation and wide operat¬ 
ing margins. 


FEATURES 

• High speed and low power 


Serial Access Time 

20ns 

Serial Read Cycle Time 

30ns 

Serial Write Cycle Time 

30ns 

Read, Write Cycle Time 

190ns 

Read-Modify-Write Cycle Time 

240ns 

Read-Read-Write Cycle Time 

480ns 

Power Dissipation 

Operating Power 

550mW 

Standby Power 

110mW 


• Single 5V power supply: 5V + 10% 

• On-chip 8 bit shift registers 

• Separate inputs and outputs 

• Serial read/write, Read/Write, Read/Modify-Write, High Speed 
Read-Read-Write capability 

• Random Access Capability per 8 word 

• 512/8 ms refresh cycles 

• On-chip refresh counter 

• Ail inputs and outputs: TTL compatible 

• Package: 40 pin 600 mils wide standard plastic Dl P 


• Organization: 32K word x 8 bit 
shift register 4 bit 


PIN CONNECTION 


v ss 

A7 

A6 

A5 

A4 

A3 


c 
c 
c 
c 
c 
c 

A2 C 7 
Alt e 
AO C 9 
CS C 10 
NCCU 
NC C 12 
WE C 13 
WS C 14 
Dll C 15 
DI2 C 16 
SIC C 17 
D01 C 18 
D02 C 19 
V SS C 20 


\/ 


40 3 V CC 
39 □ A8 
38 □ A9 
37 D A10 
36 □ All 
35 3 A12 
34 3 A13 

33 D A14 

32 □ CE 
31 □ RFSH 
30 3 NC 
29 3 NC 
28 □ SF 
27 □ rs 
26 3 DI4 
25 □ DI3 
24 □ SOC 
23 3 D04 
22 3 D03 
21 3 o! 


40PIN 600MILS PLASTIC DIP 


PIN NAMES 


SYMBOL 

NAME 

AO ~ A14 

Address Input 

CE 

Chip Enable Input 

OE 

Output Enable Input 

WE 

Write Enable Input 

WS~ 

Write Strobe Input 

RS 

Read Strobe Input 

CS 

Chip Select Input 

SIC 

Serial Input Clock Input 

SOC 

Serial Output Clock Input 

Dll ~ DI4 

Data Input 

D01~ D04 

Data Output 

RFSH 

Refresh Control Input 

SF 

Special Function Input 

V CC 

Power (5V) 

V SS 

Ground (OV) 

NC 

Non Connection 
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TC521000P 


PIN NAMES AND FUNCTIONS 


SYMBOL 

NAME 

FUNCTION 

AO a, A8 

Row Address Inputs 

Row Addresses 

A9 'u A14 

Column Address Inputs 

Column Addresses 

The A14 is a column LSB address and is controlled 

internally by SF signal. 

CE 

Chip Enable Input 

The falling edge of CE latches the AO^ A14 and CS. 

The read data is retained in Read Latch (RL), even 

if the CE" goes high. 

CS 

Chip Select Input 

The low CS forbid the memory cell access opera¬ 
tion, but allows the refresh operation. 

(CE ONLY REFRESH) 

RS 

Read Strobe Input 

The RS controls the transfer operation to Output 

Shift Register from Read Latch (RL). 

SF 

Special Function 

The SF controls the column LSB A14 internally. 

WS 

Write Strobe Input 

The WS controls the transfer operation to Write 

Latch (WL) from Input Shift Register. 

WE 

Write Enable Input 

The WE controls the write operation into the 

memory cell. 

OE 

Output Enable Input 

The OE enables the DOl^ D04 output buffers. 




RFSH 

Refresh Control Input 

The RFSH controls the auto refresh operation. 

SOC 

Serial Output Clock 

Input 

The SOC is a shift clock input to Output Shift 

Register. 

SIC 

Serial Input Clock 

Input 

The SIC is a shift clock input to Input Shift 

Register. 

DOl^ D04 

Data Outputs 

Serial Output Terminals. 

Dll 'v* DI4 

Data Inputs 

Serial Input Terminals. 
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SYMBOL 



VlN* v OUT 


V CC 


Tnnr 


i solder 


Pd 


I OUT 


Input • Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

vcc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

(10) 

TYP. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

(CE, SIC, SOC Cycling: tc, tsiC> tSOC=min.) 

- 

65 

100 

mA 

n 

I CC2 

STANDBY CURRENT 
(CE=OE=V IH , SIC=SOC=V IL ) 

- 

3 

20 

mA 

■ 

I CC3 

REFRESH CURRENT 

(RFSH Cycling: tpc=tpc min.) 

- 

50 

100 

mA 

3 

I I1(L) 

INPUT LEAKAGE CURRENT (Except for SF Pin) 

(OV < Vjjj < 6.5V, All other pins not under test=0V) 

-10 

- 

10 

PA 

■ 

I I2(L) 

INPUT LEAKAGE CURRENT (SF Pin ONLY) 

(OVl Vjn - 6.5V, All other pins not under test=0V) 

-50 

- 

50 

PA 

■ 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(OVSVout - Vcc> Output is disabled) 

-10 

- 

10 

pA 

■ 

v OH 

OUTPUT HIGH LEVEL VOLTAGE 
^OUT 11-511 ^) 

a 

■ 

a 

V 


V 0L 

OUTPUT LOW LEVEL VOLTAGE 

(IOUT=4.2mA) 

■ 

■ 

0.4 

V 



CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Cll 

Input Capacitance (A0^A14) 

- 

7 

pF 


C I2 

Input Capacitance 

(CE, CS, RS, WS, WE, OE, SF, RFSH, SIC, SOC) 

B| 

B 

pF 

Hi 

C I3 

Input Capacitance (DI1^DI4) 

- 

7 

pF 


c 0 

Output Capacitance (D01^D04) 

- 

9 

pF 


C I3 

C 0 


9 


pF 

pF 


































































































































AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc =5v±10 %» Ta=0'W0°C) (Note: 5, 6, 7) 


PARAMETER 


Read, Write Cycle Time 


Read-Modify-Write Cycle Time (=8x tggc» t SIC^ 


Read-Read-Write Cycle Time (=16x tgoc) 


CE Pulse Width 


CE Precharge Time 


Address, CS Set-up Time 


Address, CS Hold Time 


Serial Output Cycle Time 


SOC Low Pulse Width 


SOC High Pulse Width 


SOC Access Time 


SOC Output Data Hold Time 


Serial Input Cycle Time 


SIC Low Pulse Width 


SIC High Pulse Width 


Read Command Set-up Time 


Read Command Hold Time 


CE-RS Delay Time 


RS Pulse Width 


RS-CE Precharge Time 


RS Precharge Time 


SOC-RS Set-up Time 


SOC-RS Hold Time 


SIC-RS Lead Time 


OE Pulse Width 


OE Precharge Time 


OE Access Time 


OE Output Buffer Turn-off Delay Time 


RS-WE Delay Time 


CE-WE Delay Time (Read-Modify-Write Cycle) 


WE Hold Time 


WE Pulse Width 


WE-CE Lead Time 


UNITS NOTES 



B- 
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SYMBOL 


PARAMETER 


WS-WE Set-up Time 


WS Pulse Width 


WS Precharge Time 


WS Inhibit Time referenced to WE 


WS Inhibit Time referenced to CE 


SIC-WS Set-up Time 


SIC-WS Hold Time 


Data Input Set-up Time 


Data Input Hold Time 


SF-CE Set-up Time 


SF-CE Hold Time 


SF-CE Lead Time (Read-Read-Write Cycle) 


SOC-SF Hold Time (Read-Read-Write Cycle) 


Transition Time (Rise and Fall) 


Refresh Period 


Refresh Cycle Time 


CE Precharge-RFSH Delay Time 


RFSH Pulse Width 


RFSH Precharge Time 


RFSH Precharge-CE Delay Time 



Note 

(1) Stress greater than those listed under "Absolute maximum ratings" may cause perma¬ 
nent damage to the device. 

(2) All voltages are referenced to Vgs* 

(3) Icci an d ICC2 depend on cycle time. These values are specified at the condition 
of minimum cycle time. 

(4) led depends on output loading. Specified value is obtained with the output open. 

(5) An initial pause of 200ys is required after power up followed by 8 CE cycles be¬ 
fore proper device operation is achieved. In case of using auto refresh, a mini¬ 
mum of 8 RFSH cycle are required. 

(6) AC measurements assume tT=5ns. 

(7) Vm(min.) and VjL(max.) are reference levels for measuring timing of input signals. 
Also transition times are measured between VjR and Vjl. 

(8) Output timings are measured with a load equivalent to 2 TTL load and 50pF. 

(9) toEZ( max> ) defines the time at which the output achieve the open state. 

(10) Typical values are at Ta=25°C and ^cc=5.0V. 
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TC521000P 


WRITE/SERIAL WRITE CYCLE 



— B-10 



























CE ONLY REFRESH 


REFRESH ADDR. 


RFSlT AUTO REFRESH 



























































































TC521000P 


(3) READ-MODIFY-WRITE CYCLE 

This operation is to execute write just after read in one CE" cycle. 

(4) READ-READ-WRITE CYCLE (Special operation) (Refer to Fig. 5, 6) 

By using SF signal, three operations - the read operation for consecutive two 
address (16 bit data output) and write operation into the different address 
from read (8 bit data input) - can be performed asynchronously in two CE cycles 
(480ns). In this operation, the read start address must be even. This operation 
capability allows the field double scan in order to improve the picture quality 
in TV applications. 

[T] The read address (even) is latched at the falling edge of CE under the condition 
of SF=low. Then the 8 bit read out data are transferred to and latched into the 
RL. 

|~2~] The 8 bit data latched into the RL are transferred to SOR by the RE, and then the 
data latched into the SOR are shifted and output from the first rising edge of 
SOC after the TlS falls. 

[~31 Then when SF goes high, the LSB bit (A14) of coulumn addresses is changed to "1" 
from "0" automatically, and the data in the next column address are transferred 
to and latched into the RL. 

[~4~1 When the CE goes high, only memory cell array its peripheral area except for the 
latch and serial registers are placed in a precharge state. Then the data latched 
into the RL and SOR are maintained there, so the WS and RS can be input. 

[IT] On the other hand, the 8 bit input data are latched into the SIR sequentially 
synchronized with the SIC and then transferred to and latched into the WL by 
the WS. 

[~6~] The write address is latched at the falling edge of CE, and then the data stored 
in the selected address is read out, but the data already latched into the RL 
are protected and retained there because of maintaining the SF "high". 

|~7l The 8 bit data latched into the RL (in [T]) are transferred to and latched into 
the SOR by the RS. 

[~8l The 8 bit data latched into the WL (in [T)) are written into the selected cell 
locations by the WE. 
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TC521000P 

(5) REFRESH 

The TC521000P , s refresh period is 8ms/512 cycles. 

Two types of refresh operation - CE only refresh and RFSH auto refresh - are 
allowed. 

5-1: CE only refresh 

The refresh is accomplished by performing a CE cycle at each of the 512 
low address (A0^A8) within each 8ms time interval. 

5-2: RFSH auto refresh 

The RFSH auto refreshis available on the TC521000P. 

When the RFSH goes low under the condition of CE=high, on chip refresh 
control clock generator and refresh address counters are enabled. 

Then, the refresh is accomplished by applying 512 clocks to the RFSH 
input within 8ms time interval. 
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TOSHIBA MOS MEMORY PRODUCTS 


262,144 WORDSX4 BITS MULTIPORT DYNAMIC RAM 
SILICON GATE CMOS 


TC524256P/Z-10, 
TC524256P/Z-12 


PRELIMINARY 


DESCRIPTION 

The TC524256P/Z is a CMOS Multiport memory 
equipped with a 262,144-word x 4 bit dynamic random 
access memory (RAM) port and a 512-word x 4 bit static 
serial access memory (SAM) port. In addition to the con¬ 
ventional DRAM operation modes, the TC524256P/Z 
features a write-per-bit function on the RAM port; Bi¬ 
directional transfer capability between the DRAM 
memory array and the SAM data register and a high speed 
serial read/write capability on the SAM port. The RAM 
port and the SAM port can be accessed independently 


FEATURES 


ITEM 

TC524256P/Z 

-10 

-12 

t RAC 

RAS Access Time (Max.) 


120ns 

O 

> 

O 

CAS Access Time (Max.) 



tRC 

Cycle Time (Min.) 

190ns 

220ns 

tpc 

Page Mode Cycle Time (Min.) 

90ns 

105ns 

tSCA 

Serial Access Time (Max.) 

25ns 

35ns 

tscc 

Serial Cycle Time (Min.) 

30ns 

40ns 

Icci 

RAM Operating Current 
(SAM: Standby) 

60mA 

55mA 

ICC2A 

SAM Operating Current 
(RAM: Standby) 



ICC2 

RAM/SAM 

Standby Current 

3mA 


PIN NAMES 


CO 

< 

0 

< 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/OE 

Data Transfer/Output Enable 

WB/WE 

Write Per Bit/Write Enable 

W1/I01 ~ W4/I04 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

SE 

Serial Enable 

SI01 -SI04 

Serial Input Output 

v cc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


except when data is being transferred between them 
internally. 

The TC524256P/Z is fabricated using TOSHIBA'S 
CMOS silicon gate process technology as well as advanced 
circuitry to provide low power dissipation and wide 
operating margin.Multiplexedaddress inputs and a com¬ 
mon input/output organization allow the TC524256P/Z 
to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP. System oriented features 
include a single 5V ± 10% power supply operation and 
compatibility with high performance schottky TTL logic. 

• Organization 

RAM port: 262,144 words x 4 bits 
SAM port: 512 words x 4 bits 

• Single power supply of 5V ± 10% with a built-in V B b 
generator 

• Read-Modify-Write, CAS before RAS refresh. Hidden 
refresh, Page mode, Write-Per-Bit, Read transfer, Write 
transfer, Serial read, Serial Write capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycle/8ms 

• Package TC524256P: 0.4 inches 28 pins standard 

Plastic DIP 

TC524256Z: 0.4 inches 28 pins standard 
Plastic ZIP 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic ZIP 


sc 
SI01 
SI02d 
DT/olq 
Wl/IOl 
W2/I02 
wesWeZ 
N.C. [ 
RAS[ 
A8E 
A6[ 
A5C 
A4[ 

V CC E 


28 

27 

26 

25 

24 

23 

22t] 

21 ] 
20 ] 
19] 
18] 
17] 


15D 


] v ss 
3SI04 
JSI03 
]SE 

]W4/I04 
]W3/b:o3 
N.C. 

CAS 

N.C. 

AO 
A1 
A2 
P A3 
A7 


N.C. 

W4/104 

SI03 

V SS 

SIOl 

dt/Se 

W2/I02 

N.C. 

A8 

A5 


Vccfsi] 

A3 [23] 


A1 

N.C. 


I] 
3 j 
.5 J 
7 J 
9] 

II] 
£3 
lla 
£3 
ts 


[2 
[ 4 " 
[6 
[i 
[10 
[i i 

114 

as 

[18 

[26 

•m 

[26 

LkS 


W3/X 03 
SE - 
SI 04 
SC 

SI02 

W1/I01 

WB/TO 

RAS 

A6 

A4 

A7 

A2 

AO 

CAS 


— B-21 

















COLUMN ADDRESS 
BUFFER 



COLUMN 

DECODER 


SENSE AMP. 


MEMORY ARRAY 


MASK DATA 


TRANSFER 
__ GATE 

SERIAL 

REGISTER 
512 X 4 

... 5lg . 

SERIAL 

SELECTOR 


SERIAL 

ADDRESS 
POINTER (9) 

















SYMBOL 

ITEM 

RATING 

UNITS 

NOTES 

VlN. v OUT 

Input Output Voltage 

-1.0% 7.0 

V 

1 

V CC 

Power Supply Voltage 

-1.0% 7.0 

V 

1 

Topr 

Operating Temperature 

0% 70 

°C 

1 

T stg 

Storage Temperature 

-55 % 150 

°c 

1 


Soldering Temperature * Time 

260 • 10 

°C•sec 

1 


Power Dissipation 

1 

W 

1 

I OUT 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITION (Ta=0%70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

_ 1 _ 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0% 70°C) 


SYMBOL 

ITEM (RAM Port) 

SAM 

Port 

TC524256P/ 

Z-10 

TC524256P/ 

Z-12 



MIN. 




r CCl 

OPERATING CURRENT 

(RAS, CAS Cycling: tpc=t P c MIN.) 

Standby 

- 


- 

55 

mA 

3,4 

I CC1A 


- 

100 

- 

90 

3,4 

I CC2 

STANDBY CURRENT 
(RAS, CAS=V IH ) 

Standby 

- 

3 

- 

3 

mA 


I CC2A 

Active 

- 


- 


3,4 

TCC3 

RAS ONLY REFRESH CURRENT 

(RAS Cycling, CAS=V pp j: tRc =t RC M *N.) 

Standby 

- 

60 

- 

55 

mA 

3 

IfSMI 

Active 

- 

100 

- 

90 

3,4 

I CC4 

PAGE MODE CURRENT 

Standby 

- 

50 

- 

45 

un 


I CC4A 

(RAS=V il , CAS Cycling: t pc =t pc MIN.) 

Active 

- 

90 

- 

80 

3,4 

I CC5 

CTS BEFORE RTS’ REFRESH CURRENT 
(CAS Before RAS Cycling: t p ^=t Pv QMIN.) 

Standby 

- 

60 

- 

55 


3 

I CC5A 

Active 

- 

100 

- 

90 


X CC6 

DATA TRANSFER CURRENT 

(RAS, CAS Cycling: t P c=t P Q MIN.) 

Standby 

- 


- 

55 



I CC6A 

Active 

- 


- 

90 

ESI 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

X I(L) 

INPUT LEAKAGE CURRENT 

(0V5 Vjn£ 6.5V, All Other Pins Not Under Test=0V) 

-10 

0 

10 

pA 

■ 

X 0 (L) 

OUTPUT LEAKAGE CURRENT 

(Output is disabled, 0V L Vg^ L 5.5V) 

-10 

0 

10 

pA 

| 

V 0H 

OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SlOi . IOUT =_ 5mA) 

2.4 

- 




V 0L 

OUTPUT LOW LEVEL VOLTAGE 
(Wi/IOi, SlOi . I OUT =+4.2mA) 

- 

- 

0.4 
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TC524256P/ TC524256P/ 

Z-10 Z-12 


MIN. MAX. MIN. MAX. 


Random Read or Write Cycle Time 


Read-Write Cycle Time 


Page Mode Cycle Time 


Page Mode Read-Write Cycle Time 


Access Time from RAS 


Access Time from CAS 


|Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 
IRAS Pulse Width 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


CAS Precharge Time (Page Mode) 


Row Address Set-Up Time 


[Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time referenced to RAS 


Read Command Set-Up Time 


Read Command Hold Time 


Read Command Hold Time referenced to RAS 


Write Command Hold Time 


Write Command Hold Time referenced to RAS 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data Set-Up Time 


Data Hold Time 


|RAS Pulse Width (Page Mode) 



190 100,000 225 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 


TC524256P/ TC524256P/ 




Data Hold Time referenced to RAS 


Write Command Set-Up Time 


RAS to WE Delay Time 


CAS to WE Delay Time 


Data to CAS Delay Time 


Data to OE Delay Time 
Access Time from OE 

Output Buffer Turn-Off Delay from OE 
OE to Data Input Delay Time 


OE Command Hold Time 


RAS Hold Time referenced to OE 


CAS Set-Up Time for CAS Before RAS Cycle 


CAS Hold Time for CAS Before RAS Cycle 


RAS Precharge to CAS Active Time 


CAS Precharge Time for CAS Before RAS 
Counter Test 


Refresh Period 


WB Set-Up Time 
WB Hold Time 

Write-Per-Bit Mask Data Set-Up Time 
Write-Per-Bit Mask Data Hold Time 


DT High Set-Up Time 


DT High Hold Time 


DT Low Set-Up Time 


DT Low Hold Time 


DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 


DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 


SE Set-Up Time referenced to RAS 


SE Hold Time referenced to RAS 


DT to RAS Precharge Time 


DT Precharge Time 


RAS to First SC Delay Time (Read Transfer) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION 


SYMBOL 

PARAMETER 

TC524256P/ 

Z-10 

TC524256P/ 

Z-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tCSD 

CAS to First SC Delay Time (Read Transfer) 

50 


60 




t-TSL 

Last SC to DT Lead Time 
(Real Time Read Transfer) 

5 


10 



t TSD 

DT to Frist SC Delay Time (Read Transfer) 

15 


20 



t SRS 

Last SC to RAS Set-Up Time (Serial Input) 

30 


40 



C SRD 

RAS to First SC Delay Time (Serial Input) 

25 


30 



tSDD 

RAS to Serial Input Delay Time 

50 


60 



fc SDZ 

Serial Output Buffer Trun-Off Delay Time 

RAS (Pseudo Write Transfer) 

10 

50 

10 

60 

10 

tszs 

Serial Input to First SC Delay Time 

0 


0 



tscc 

SC Cycle Time 

30 


40 


ns 


tsc 

SC Pulse Width (SC High Time) 

10 


15 



tSCP 

SC Precharge Time (SC Low Time) 

10 


15 



t SCA 

Access Time from SC 


25 


35 

9 

tSOH 

Serial Output Hold Time from SC 

5 


5 



tSDS 

Serial Input Set-Up Time 

0 


0 



t SDH 

Serial Input Hold Time 

20 


30 



tSEA 

Access Time from SE 


25 


35 

9 

t SE 

SE Pulse Width 

25 


35 



tSEP 

SE Precharge Time 

25 


35 



tSEZ 

Serial Output Buffer Turn-Off Delay from SE 

0 

20 

0 

30 

10 

t SZE 

Serial Input to SE Delay Time 

0 


0 



tsws 

Serial Write Enable Set-Up Time 

5 


10 



tSEH 

Serial Write Enable Hold Time 

15 


20 



t SWIS 

Serial Write Disable Set-Up Time 

5 


10 



t SWIH 

Serial Write Disable Hold Time 

15 


20 




CAPACITANCE (V CC =5V±10%, f-lMHz, Ta=OWO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A8) 

- 

5 

pF 

C 12 

Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) 

- 

5 

C I01 

Input/Output Capacitance (W1/I01^W4/I04) 

- 

7 

C I02 

Input/Output Capacitance (SI01^SI04) 

- 

7 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgg. 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with 
the output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS 

cycles and any 8 SC cycles before proper device operation is achieved. In case 

of using internal refresh counter, a minimum of 8 CAS Before RAS initialization 
cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vj^(min.) and Vj L (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vp E and Vp E . 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and lOOpF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loads and 50pF. 

10. t 0 pp(max.), tQpgCmax.) t SDZ ( max *) and t SEZ (max.) define the time at which the 
output achieve the open circuit condition and are not referenced to output 
voltage levels. 

11. Either t EEE or tppp must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and 
to WB/WE leading edge in read-write cycles. 

13. tycs, tRWD and tCWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If ty E g^ ty E g(min.), the 
cycle is an early write cycles and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tpyp=tRWD^in.) and ^CWD = 
tcyp(min.), the cycle is a read-write cycle and the data out will contain data 
read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the t E Q)(max.) limit insures that tp^ E (max.) can be met. 
tRCD( max *) as specified as a reference point only: If tppp is greater than the 
specified tRCI)( max *) limit, then access time is controlled by t£A E . 
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DEVICE INFORMATION 


RAM PORT OPERATION 


Operation Truth Table 

All operation modes of TC524256P/Z are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following table 1. 



CAS 

ADDRESS 

DT/OE 

WB/WE 

SE 

FUNCTION 


H 

A 

A 

A 

* 

Standby 

■ 

H 

Valid 

H —L 

H 

A 

Read 

» 

H 

Valid 

H 

H —L 

a 

Write 


H 

Valid(Row add.) 

H 

* 

A 

RAS only refresh 

1 

L 

a 

H(l) 

H 

A 

CAS-before-RAS Refresh 

H 

Valid 

H 

<-> 

A 

Write-per-Bit 

■ 

H 

Valid 

L 

H 

A 

Read Transfer 


H 

Valid 

L 

L 

L 

Write Transfer 

■ 

H 

Valid 

L 

L 

H 

Pseudo-Write Transfer 


Note; H: Vj H , L: v IL> *'• V IH or V IL 


(1) The input level of DT/OE in the CAS before RAS timing is not ristricted. 
However it is recommended that DT/OE be held 'High* because this input 
will be used for future expansion of the operation mode. 


ADDRESSING 


The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524256P/Z, are multiplexed onto 9 ad¬ 
dress input pins (AO''■'AS). Nine row-address bits are latched on the falling edge 
of the row address strobe (RAS) and the following nine col umn address bits are 
latched on the falling edge of the column address strobe (CAS). 


DATA TRANSFER/OUTPUT ENABLE (DT/OE) 


The DT/OE input is a multifunction pin. When DT/OE is ’High* at the falling 
edge of RAS, a normal DRAM cycle is performed and t his input is used as an output 
enable. When DT/OE is 'Low' at the falling edge of RAS, a data transfer operation 
is started between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/WE input is used in the same manner as standard DRAMs except when the write-per- 
bit function is used. When WB/WE is 'low* at the falling edge of RAS, the bit write- 
mask is enabled. When WB/WE and CAS are 'low' at the falling edge of RAS, the raster 
operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is 'high' at the falling edge of 
RAS, the data is transferred from RAM to SAM (read-transfer cycle). When WB/WE is 
'low' at the falling edge of RAS, the data is transferred from SAM to RAM (write- 
transfer cycle). 


WRITE-MASK DATA/DATA INPUT/OUTPUT (W1/I01 to W4/I04) 


When the write-per-bit function is enabled, the mask data on the W1/I01 pins is 
latched into the write-mask register WM1 at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic '1'. Writing is 
inhibited on data lines where the write-mask data is a logic ’O'. The write-mask 
data is valid for only one cycle. 


PAGE MODE 


The page mode feature of the TC524256P/Z allows data to be transferred into of 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent page mode read operations, the output data 
is valid after the specified access time from CAS. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 


RAS-ONLY REFRESH 


The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with 'RAS-ONLY* cycles. 
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CAS-BEFORE-RAS REFRESH 


The TC524256P/Z also offers an internal refresh function. When CAS is held 
'low' for a specified period (t^g^) before RAS goes low, an internal refresh address 
counter and on-chip refresh control clock generators are enabled and an internal re¬ 
fresh operation takes place. When the refresh operation is completed, the internal 
refresh address counter is automatically incremented in preparation for the next CAS- 
before-RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low 
while cycling RAS. 

During a CAS-before-RAS refresh cycle, WB/WE must be 'high' at the falling edge 
of RAS to prevent a false raster operation set-up cycle from occurring. 


HIDDEN REFRESH 


A hidden refresh is a CAS-before-RAS refresh performed by holding CAS ’low' 
from a previous read cycle. This allows for the output data from the previous memory 
cycle to remain valid while performing a refresh. The internal refresh address 
counter provides the address and the refresh is accomplished by cycling RAS after the 
specified RAS-precharge period (refer to figure 1). 


Figure 1: Hidden refresh cycle 


RAS 




Memo ry 
Cycle 


Refresh 

Cycle 


Refresh 

Cycle 


\ 


J_ 

/A 


./A 


/ 


CAS 




W1/I01 

-W4/I04 


< 


Valid Data Output 
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WRITE-PER-BIT FUNCTION 


The write-per-bit function selectively controls the internal write-enable cir¬ 
cuits of the RAM port. When WB/WE is held 'low' at the falling edge of RAS, during 
a random access operation, the write-mask is enabled. At the same time, the mask 
data on the Wi/IOi pins is latched onto the write-mask register (WM1). When a 'O' 
is sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled 
and new data will not be written. 

When a '1' is sensed on any of the Wi/IOi pins, their corresponding write cir¬ 
cuits will remain enabled so that new data is written. The truth table of the write- 
per-bit function is shown in table 2. 

Table 2: Truth table for write-per-bit function 


At the falling edge of RAS 


CAS DT/OE WB/WE Wi/IOi (i=1^4) 



Function 


Write Enable 


Write Enable 
Write Mask 


An example of the write-per-bit function illustrating its application to dis¬ 
plays is shown in figures 2 and 3. 


Figure 2: Write-per-bit timing cycle 


Figure 3: Corresponding bit-map 
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TRANSFER OPERATION 

The TC524256P/Z features bi-directional transfer capability form RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from 
one port into the other. During a transfer cycle, RAM port and SAM port operations 
are restricted. 

There are three types of transfer operations: read transfer, write transfer 
and pseudo-write transfer. As shown in table 3, the type of transfer operation is 
determined by CAS, DT/OE, WB/WE and SE at the falling edge of RAS. 


Table 3: Truth table of transfer operation 


At the falling edge of RAS 


Transfer 

direction 

CAS 

DT/OE 

WB/WE 

SE 

H 

L 

H 

* 

Read/real-time read transfer cycle 

RAM-> SAM 

H 

L 

L 

L 

Write-transfer cycle 

SAM -* RAM 

H 

L 

L 

H 

Pseudo-write transfer cycle 

- 


*: high or low 


READ-TRANSFER CYCLE 

A read-transfer consists of loading a selected row of data from the RAM array 
into theSAM register. A read-transfer is ac complished by holding CAS high, DT/OE 
low and WB/WE high at the falling edge of RAS. The row address selected at the 
falling edge of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 

When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com¬ 
pleted at the rising edge of DT/OE and becomes valid on the SIO lines after the speci¬ 
fied access time tgQ^ from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 4). 

Figure 4: Block diagram of RAM port and SAM port during read transfer 
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In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC 
clock must be held at a constant Vjl or Vpyj, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay t^SD f rom the rising edge of DT/OE (refer to Figure 5). 

Figure 5: Read-transfer cycle (preceded by a write-transfer cycle) 


RAS 

CAS 

A0~A8 

WB/WE 

DT/OE 

SC 

SI01-SI04 

In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO lines until the specified t S Q A 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
anyjtiming loss. To make this continuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (refer 
to Figure 6). 

Figure 6: Real-time read transfer cycle 
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WRITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row or the RAM array. A write-transfer is accomplished by CAS high, 
DT/OE low, "WF/WE low and "SE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is com¬ 
pleted, the SI0 lines are in the input mode so that serial data synchronized with SC 
can be loaded. 

When two consecutive write-transfer operations are performed, there is a delay 
in availability between the last bit of the previous row and the first bit of the new 
row. Consequently the SC clock must be held at a constant or after the SC 
precharge time tgQ has seen satisfied, a rising edge of the SC clock until after a 
specified delay tg^-p from the rising edge of RAS (refer to figure 7). 

Figure 7: Write-transfer cycle 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, 
DT/OE low, WB/WE low and SE high at the falling edge of RAS. The pseudo—write- 
transfer cycle must be performed after a read-transfer cycle if the subsequent 
operation is a write-transfer cycle. 

There is a timing delay associated with the switching of the SIO lines from 
serisl output mode to serial input mode. During this period, the SC clock must be 
held at a constant Vxl or Vjpj after the tgc precharge time has been satisfied. A 
rising edge of the SC clock must not occur until after the specified delay tg^D 
from the rising edge of RAS (refer to Figure 8). 

Figure 8: Pseudo-write-transfer cycle 


RAS 
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SAM PORT OPERATION 


The TC524256P/Z is provided with a 512-word by 4-bit serial access memory (SAM). 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans¬ 
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM-* SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512- 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are con¬ 
figured as circular data registers. The data is shifted out sequentially starting 
from the selected tap location to the most significant bit and then wraps around to 
the least significant bit. 



r—0 —-.1— 2 —-- 509 -- 510 


ID 


Tap location determined by 
column address of read- 
transfer cycle. 


Subsequent real-time-read-transfer may be performed on-the-fly as many times 
as desired within the refresh constrainst of the DRAM memory array. 

A pseudo-write-transfer cycle must be performed in order to write data into the 
SAM port. This cycle switches the SAM port operation from output mode to input mode. 
Data is not transferred during a pseudo-write-transfer cycle. A write-transfer cycle 
(SAM->-RAM) may then be performed. The data in the SAM registers is loaded into the 
RAM row selected by the row address at the falling edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge of CAS 

Table 4: Truth table for SAM operation 


Preceding 

Transfer 

Cycle 

SAM port 
operation 

DT/OE (at the 
falling edge 
of RAS) 

SC 

SE 

Function 

read- 

transfer 

serial 

output 

mode 

H* 

JT 

L 

enable serial read 

H 

disable serial read 

write- 

transfer 

serial 

input 

mode 

Jl 

L 

enable serial write 

H 

disable serial write 


* When simultaneous operation are being performed on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
transfer cycle. 
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SERIAL CLOCK (SC) 


All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial- 
read, the output data becomes valid on the SIO pins after the maximum specified 
serial access time tg^ from the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi¬ 
cant address location (decimal 511) , the next SC clock will place it at the least 
significant address location (decimal 0). 


SERIAL ENABLE (SE) 


The SE input is used to enable serial access operation. In a serial-read cycle, 
SE is used as an output control. In a serial-write cycle, SE is used as a write 
enable control. When SE is high, serial access is disabled, however, the serial ad¬ 
dress pointer location is still incremented when SC is clocked even when SE is high. 


SERIAL INPUT/OUTPUT (SI01^SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is per¬ 
formed, the SAM port operation is switched from output mode to input mode. 

During subsequent write-transfer cycle, the SAM port remains in the input mode. 


REFRESH 


The SAM data registers are static flip-flops therfore a refresh is not required. 
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TIMING WAVEFORMS 


READ CYCLE 
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fc AR 
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WRITE CYCLE 
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AO ~A8 
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p IN 
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I 
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V 0 H — 

- OPEN 

V 0L ~ 


Don’t Care 
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TC524256P/Z-10 

TC524256P/Z-12 


READ-WRITE/READ-MODIFY-WRITE CYCLE 
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RAS 


V IH 

V IL 


—— V IH 

CAS 

V IL 


AO ~A8 


V IH 

VlL 


WB/WE 


V IH 

VlL 


_ „ V IH 

DT/OE 

VlL 


Wl/lOl 

t 

W4/104 


•IN 


'IL 


’OUT 


v OL 


Don't Care 
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TC524256P/Z-10 

TC524256P/Z-12 


PAGE MODE WRITE CYCLE (EARLY WRITE) 



v 0 L — 


Don't Care 
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TC524256P/Z-10 

TC524256P/Z-12 


PAGE MODE READ-MODIFY-WRITE CYCLE 




Don’t Care 
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RAS ONLY REFRESH CYCLE 


RAS 


CAS 


AO ~A8 


WB/WE 


DT/OE 


Wl/IOl 

l 

W4/I04 



Vqh — 
^OL 


OPEN 


M Don ’ t Care 
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wmMMMMMmmmmmmmmMm 


mVi 


WB/WE 


DT/OE 


¥ 1/101 


W4/I04 V 0L 


Note: AO^ AS^Don*t Care 


— B- 











m care 









TG524256P/Z-10 

TC524256P/Z-12 


REAL TIME READ TRANSFER CYCLE 


RAS 


A0~A8 


WB/WE 


DT/OE 


r IN 


SIOl 

l 

SI04 



Note: SE=V il 



Don't Care 
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TC524256P/Z-10 

TC524256P/Z-12 


READ TRANSFER CYCLE (Previous transfer is write transfer) 



Note: SE=V il 


Don,t Care 
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WRITE TRANSFER CYCLE 


RAS 


CAS 

AO ~A8 

WB/WE 

DT/OE 

Wl/IOl 

) 

W4/I04 

SC 


SE 


-IN 

SIOl 

l 

SI04 

-OUT 


V IH 

V IL 


VlH 

VlL 

VlH 

V IL 


t RC 



s 

tRAS 

L —!rp_.. 


, t AR . 

K 



C CSH 


■ 

|HB 






n 


mm 

1 


i 


t CAS 

ins! 

M ju| 







m 


■ 

t CAH 




n 


wmm 


_ 

ROW 

_ ADDRESS 

WBsm 




tSDS 


V IH 

V IL 


t SDH 


VALID 

DATA-IN 


Previoue 
Row Data 


'SDS 


-SDH 


VALID 
DATA- 




valid 

data-in 


New Row Data 


v OH - 

v OL — 


OPEN 


Don' t Care 
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TOW- 


PSEUDO WRITE TRANSFER CYCLE 


Wl/IOl 

l 

W4/I04 
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I Ml 

m 



VlL — 


_ _ V IH 

DT/OE 

V TT . 



£.THS| I t THH . 


VlH — 
VlL ~ 
VlH — 


r IN - 

Vil — 

t SCA 




t SOH| 

“3 


t SEZ i 

:r=3 

L-™ T t ¥ ° H “ V VALID V 

r VALID 

/\ DATA- 

-OUT 

DATA-OUT 


— -f ■ 

u 

- 1 






















SERIAL WRITE CYCLE (SE CONTROLLED WRITE 















5.0 MAX. 






































TOSHIBA BIOS MEMORY PRODUCTS 

TC524256J-10 

TC524256J-12 

(ASCRIPTION PRELIMINARY 

The TC524256J is a CMOS Multiport memory equipped with a 262,144-word * 4 bit dynamic 
random access memory(RAM) port and a 512-word * 4 bit static serial access memory(SAM) 
port. In addition to the conventional DRAM operation modes, the TC524256J features 
a write—per-bit function on the RAM port; Bi-directional transfer capability between 
the DRAM memory array and the SAM data register and a high speed serial read/write 
capability on the SAM port. The RAM port and the SAM port can be accessed independ¬ 
ently except when data is being transferred between them internally. 

The TC524256J is fabricated using TOSHIBA'S CMOS silicon gate process technology as 
well as advanced circuitry to provide low power dissipation and wide operating margin. 
Multiplixed address inputs and a common input/output-organization allow the TC524256J 
to be housed in a standard 32-pin, 400-mil wide plastic SOJ. 

System oriented featrues include a single 5V±10% power supply operation and compati¬ 
bility with high performance schottky TTL logic. 

• Organization 

RAM port: 262,144 wordsx4 bits 
SAM port: 512 wordsx 4 bits 

• Single power supply of 5V±10% with a 
built-in V BB gener ator 

• Read-Modify-Write, CAS before RAS 
refresh. Hidden refresh. Page mode, 
Write-Per-Bit, Read transfer. Write 
transfer, Serial read. Serial Write 
capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycle/8ms 

• Package TC524256J : 0.4 inches 32 pins 

standard 

Plastic SOJ 


FEATURES 


ITEM 

TC524256J 

-10 

-12 

tRAc RAS Access Time (Max.) 

100ns 

120ns 

c CAC CAS Access Time (Max.) 

50ns 

60ns 

C RC Cycle Time (Min.) 

190ns 

220ns 

tpc Page Mode Cycle Time(Min.) 

90ns 

105ns 

t SCA Serial Access Time (Max.) 

25ns 

35ns 

t SCC Serial Cycle Time (Min.) 

30ns 

40ns 

RAM Operating Current 

I CC1 (SAM: Standby) 

60mA 

55mA 

T SAM Operating Current 

CC2A (RAM: Standby) 

40mA 

35mA 

RAM/SAM 

cc 2 Standby Current 

3mA 


PIN NAMES _ PIN CONNECTION (TOP view) 


A0 'X* A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/OE 

Data Transfer/Output Enable 

WB/WE 

Write Per Bit/Write Enable 

Wl/I01^ W4/I04 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

SIT 

Serial Enable 

SI01% SI04 

Serial Input Output 

Vcc 

Power (+5V) 

vss 

Ground 

N.C. 

No Connection 


Net 

1 

12 

3vw 

■Rj 

2 

31 

]"» 

rSE 

3 

30 

Jso* 

SBPWi 

4 

29 

]*» 

DT/Ce[ 

5 

28 

IlH 


6 

27 

]vm/cm 

W2/K32[ 

7 

26 

]WM0S 


6 

25 

]« 

BBS 

9 

2 

]o«a 


to 

Z3 


jjfP 

11 

22 



12 

21 

]ai 


13 

20 

]*» 

m2 

14 

19 

)« 


15 

ia 

Lv 

VOO[ 

1* 

17 

]nb 
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TOSHIBA MOS MEMORY PRODUCTS 

262,144 WORDSX4 BITS MULTIPORT DYNAMIC RAM 
SILICON GATE CMOS 


TC524257P/Z-10, 
TC524257P/Z-12 


PRELIMINARY 


DESCRIPTION 

The TC524257P/Z is a CMOS Multiport memory 
equipped with a 262,144-word x 4 bit dynamic random 
access memory (RAM) port and a 512-word x 4 bit static 
serial access memory (SAM) port. In addition to the con¬ 
ventional DRAM operation modes, the TC524257P/Z 
features a logic function and a write-per-bit function on 
the RAM port; Bi-directional transfer capability between 
the DRAM memory array and the SAM data register and 
a high speed serial read/write capability on the SAM port. 
The RAM port and the SAM port can be accessed in¬ 
dependently except when data is being transferred 


between them internally. 

The TC524257P/Z is fabricated using TOSHIBA'S 
CMOS silicon gate process technology as well as advanced 
circuitry to provide low power dissipation and wide 
operating margin.Multiplexed address inputs and a com¬ 
mon input/output organization allow the TC524257P/Z 
to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP. System oriented features 
include a single 5V ± 10% power supply operation and 
compatibility with high performance schottky TTL logic. 


FEATURES 


ITEM 

TC524257P/Z 

-10 

-12 

1 RAC 

RAS Access Time (Max.) 

100ns 

120ns 

tCAC 

CAS Access Time (Max.) 

50ns 

60ns 

tRC 

Cycle Time (Min.) 

190ns 

220ns 

tpc 

Page Mode Cycle Time (Min.) 

90ns 

105ns 

tSCA 

Serial Access Time (Max.) 

25ns 

35ns 

tscc 

Serial Cycle Time (Min.) 

30ns 

40ns 

• cci 

RAM Operating Current 
(SAM: Standby) 

60mA 

55mA 

1 CC2A 

SAM Operating Current 
(RAM: Standby) 

40mA 

35mA 

1 CC2 

RAM/SAM 

Standby Current 

3mA 


PIN NAMES 


AO ~ A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

dT/oe 

Data Transfer/Output Enable 

'wb/we 

Write Per Bit/Write Enable 

W1/101 ~ W4/I04 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

SE" 

Serial Enable 

SI01 ~ SI04 

Serial Input Output 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


• Organization 

RAM port: 262,144 words x 4 bits 
SAM port: 512 words x 4 bits 

• Single power supply of 5V ± 10% with a built-in Vbb 
generator 

• Read-Modify-Write, CAS before RAS refresh, Hidden 
refresh, Page mode, Write-Per-Bit, Raster operation, 
Read transfer, Write transfer, Serial read, Serial write 
capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycle/8ms 

• Package TC524257P: 0.4 inches 28 pins standard 

Plastic DIP 

TC524257Z: 0.4 inches 28 pins standard 
Plastic ZIP 


PIN CONNECTION (TOP VIEW) 


Plastic DIP 


Plastic ZIP 


sc 

c 

1 ^ 

-^28 

3 v ss 

N.C. 

Tj 

SI01 

c 

2 

27 

3 SI04 

W4/I04 

3~i 

S102 

c 

3 

26 

JSI03 

SI 03 

5] 

DT/OE 

c 

4 

25 

]SE 

V SS 

7 2 

Wl/IOl 

c 

5 

24 

3W4/I04 

SIOl 

9 J 

W2/I02 

q 

6 

23 

JW3/I03 

dt/Ue 

TO 

WB/W! 

q 

7 

22 

] N.C. 

W2/I02 

T3 

N.C. 

q 

3 

21 

] CAS 

N.C. 

YS 

RAS 

c 

9 

20 

J N.C. 

A8 

Yfj 

A8 

e 

10 

19 

] AO 

A5 


A6 

c 

11 

18 

JA1 

V CC 

.?S 

A5 

c 

12 

17 

] A2 

A3 

[23 

A4 

t 

13 

16 

J A3 

Al 

2S 

V CC 

L 

14 

15 

3 A7 

N.C. 

'if- 


['2]W3/I03 
SE 
S104 
SC 
SI02 
W 3/101 
WB/WE 
RAS 
A6 
A4 
A7 
A2 
AO 
CAS 
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BLOCK DIAGRAM 



COLUMN ADDRESS 
BUFFER 


COLUMN 

DECODER 


I/O GATE 


SENSE AMP. 


MEMORY ARRAY 
512 x 512 
x 4 bit 


LOGIC \ 
OPERATION] 


W1/I01 
W2/I02 
W3/I03 
W4/104 


l~- 512 -1 

TRANSFER 
_ GATE 

SERIAL 

REGISTER 
512 x 4 



—- 512 —- = 

®_ 

SERIAL 

SELECTOR 

fcr - 


SERIAL 

ADDRESS 
POINTER (9) 






— 



CL OGK 

generator 


[sgai] 



























ismi\ 


Wy 


SYMBOL 


V IN v OUT 


vcc 


Tnrvr 



ITEM 


Input Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 



RATING 


-l.O'u 7.0 


-1.0'v* 7.0 


O'v 70 


-55 'v 150 


260 • 10 


RECOMMENDED DC OPERATING CONDITION (Ta=0^70°C) 


MIN. 


SYMBOL 

PARAMETER 

V CC 

Power Supply Voltage 

V IH 

Input High Voltage 

VlL 

Input Low Voltage 



MAX. 

UNIT 

NOTES 

5.5 

V 

2 

6.5 

V 

2 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

ITEM (RAM Port) 

I CC1 

OPERATING CURRENT 

I CC1A 

(RAS, CAS Cycling: t RC =t RC MIN.) 

I CC2 

STANDBY CURRENT 

I CC2A 

(RAS, CAS=V IH ) 

I CC3 

RAS ONLY REFRESH CURRENT 

I CC3A 

(RAS Cycling, CAS=Vih: t R c=t R c MIN.) 

TCC4 

PAGE MODE CURRENT 

ICC4A 

(RAS=Vjj j , CAS Cycling: tpc = ^PC MIN.) 

I CC5 

CAS BEFORE RAS REFRESH CURRENT 

I CC5A 

(CAS Before RAS Cycling:t R £=t R c MIN.) 

ICC6 

DATA TRANSFER CURRENT 

I CC6A 

(RAS, CAS Cycling: t R c=t R c MIN.) 



Standby 


ctive 


SYMBOL 

ITEM 

I I(L) 

INPUT LEAKAGE CURRENT 

(OV - Vin - 6.5V, All Other Pins Not Under Test=0V) 

X 0(L) 

OUTPUT LEAKAGE CURRENT 

(Output is disabled, OV - v OUT - 5.5V) 

V 0H 

OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SlOi _ IOUT=-5mA) 

V 0 L 

OUTPUT LOW LEVEL VOLTAGE 
(Wi/IOi, SlOi _ IqUT=+4 .2mA) 


MIN. 

TYP. 

MAX. 

UNITS 

-10 

0 

10 

]iA 

-10 

0 

10 

yA 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V C c=5V±10%, Ta=0^70°C) (NOTES 5, 6, 7) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 


SYMBOL 

PARAMETER 

TC524257P/ 

Z-10 

MIN. ! 

i 

MAX. 

t-DHR 

Data Hold Time referenced to RAS 

70 


HlCS 

Write Command Set-Up Time 

0 


C RWD 

RAS to WE Delay Time 

125 


t CVTD 

CAS to WE Delay Time 

75 


t-VZC 

Data to CAS Delay Time 

0 


t-DZO 

Data to OE Delay Time 

o 



Access Time from 0E 


25 


Output Buffer Turn-Off Delay from 0E 

0 

20 

t OED 

OE to Data Input Delay Time 

20 


t 0EH 

OE Command Hold Time 

20 


C R0H 

RAS Hold Time referenced to OE 

20 


t CSR 

CAS Set-Up Time for CAS Before RAS Cycle 

10 


t-CHR 

CAS Hold Time for CAS Before RAS Cycle 

20 


t RPC 

RAS Precharge to CAS Active Time 

0 


tCPT 

CAS Precharge Time for CAS Before RAS Counter 
Test 

-.. . 

40 


tREF 

Refresh Period 


8 

gpaf 

WB Set-Up Time 

0 



WB Hold Time 

10 


fc MS 

Write-Per-Bit Mask Data Set-Up Time 

0 


tMH 

Write-Per-Bit Mask Data Hold Time 

10 


tTHS 

DT High Set-Up Time 

0 


tTHH 

DT High Hold Time 

10 


t TLS 

DT Low Set-Up Time 

0 


t TLH 

DT Low Hold Time 

10 


t RTH 

DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 

80 

| 

C CTH 

TYT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 

30 

■ 


SE Set-Up Time referenced to RAS 

0 




-REH 


SE Hold Time referenced to RAS 


10 


15 


t TRP DT to RAS Precharge Time 


80 


90 



t RP DT Prechaege Time 


30 


35 


t RSD jRAS to First SC Delay Time (Read Transfer) 100 120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 


TC524257P/ TC524257P/ 




CAS to First SC Dealy Time (Read Transfer) 


Last SC to DT Lead Time 
(Real Time Read Transfer) 


tTSD PT to First SC Delay Time (Read Transfer) 


Last SC to RAS Set-Up Time (Serial Input) 


t SRD RAS to First SC Delay Time (Serial Input) 


tSDD RAS to Serial Input Delay Time 


Serial Output Buffer Turn-Off Delay from 
tSDZ ras (p S eudo Write Transfer) 


fc SZS Serial Input to First SC Delay Time 


t SCC SC Cycle Time 


t SC SC Pulse Width (SC High Time) 


t SCP SC Precharge Time (SC Low Time) 


tSCA Access Time from SC 


t SOH Serial Output Hold Time from SC 


t SDS Serial Input Set-Up Time 


tSDH Serial Input Hold Time 


C SEA Access Time from SE 


t SE SE Pulse Width 


tgpp SE Precharge Time 


Serial Output Buffer Turn-Off Delay from SE 


Serial Input to SE Delay Time 


^SWS I Serial Write Enable Set-Up Time 


Serial Write Enable Hold Time 


Serial Write Disable Set-Up Time 


tgwiH Serial Write Disable Hold Time 
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TC524257P/Z-1Q 

TC524257P/Z-12 


RASTER OPERATION WRITE CYCLE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V C c= 5v±10 %, Ta=OWO°C) (NOTES 5, 6, 7) 


SYMBOL 

PARAMETER 

EiftfeVZWiWJl 

H 

woBomsm 

UNIT 

NOTES 



MIN. 

MAX. 

MIN. 

MAX. 



tFRC 

Write Cycle Time 

220 


260 



15 

t FRWC 

Read-Write Cycle Time 

280 


330 



15 

tFPC 

Page Mode Write Cycle Time 

120 


145 



15 

t FPRWC 

Page Mode Read-Write Cycle Time 

180 


215 



15 

tFRAS 

RAS Pulse Width 

130 


160 


ns 

15 

C FRSH 

RAS Hold Time 

80 


100 



15 

t FCSH 

CAS Hold Time 

130 


160 



15 

c FCAS 

CAS Pulse Width 

80 


100 



15 

C FRWL 

Write Command to RAS Lead Time 

60 


75 



15 

t FCWL 

Write Command to CAS Lead Time 

60 


75 



15 


CAPACITANCE (V CC =5V±10%, f«lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0^A8) 

- 

5 

' ' I 

pF 

C I2 

Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) 

- 

5 

C I01 

Input/Output Capacitance (Wl/IOl^W4/I04) 

- 

7 

C I02 

Input/Output Capacitance (5101^5104) 

- 

7 
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TC524257P/Z-I0 

TG524257P/Z-12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgs* 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with 
the output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles 
and any 8 SC cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CAS Before RAS initialization cycles 
instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. Vj^min.) and ViL(max.) are reference levels for measuring timing of input sig¬ 
nals. Also, transition times are measured between Vjh and Vjl. 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and lOOpF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loads and 50pF. 

10. toFF( raax *)» tOEZ^ 11133 ^) t SDz( max ’) and tSEZ( max *) define the time at which the 
output achieve the open circuit condition and are not referenced to output vol¬ 
tage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge in early write cycles and 
to WB/WE leading edge in read-write cycles. 

13. twcs> tRWD and tCWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If tycs= tWCS( m in.), the 
cycle is an early write cycles and the data out pin will remain open circuit 
(high impedance) throughout the entire cycle; If tRWD = tRWD(niin.) and tcWD = 
t CWD( m: *- n *)» the cycle is a read-write cycle and the data out will contain data 
read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCp(max.) limit insures that tRAC( max *) can be met. 
tRCD(max.) is specified as a reference point only: If tgcp is greater than the 
specified tRd)(max.) limit, then access time is controlled by tcAC* 

15. These parameters are applied to the write cycles with raster operation using 
logic function expect for "THROUGH", "ZERO", "ONE" and "INVl". 
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TC524257P/Z-10 
TC524257P/Z-12 


DEVICE INFORMATION 


RAM PORT OPERATION 


Operation Truth Table 

All operation modes of TC524257P/Z are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following tabel 1, 


Table 1: Functional Truth Table 


RAS 

CAS 

ADDRESS 

DT/OE 


m 

FUNCTION 

_ H 

H 

* 

* 

* 

* 

Standby 

H 

H 

Valid 

H -> L 

H 

* 

Read 

B 

H 

Valid 

H 

H+ L 

* 

Write 


H 

Valid(Row add.) 


* 

* 

RAS only refresh 

i 

L 

* 

H(l) 

H 

* 

CAS-before-RAS Refresh 

ft! 

H 

Valid 

H 

L 

* 

Write-per-Bit 

I 

L 

Valid (AO ^ A3) 

H(l) 

L 

* 

Raster Operation Set-up 

fl 

H 

Valid 

L 

H 

* 

Read Transfer 

B 

H 

Valid 

L 

L 

l 

Write Transfer 

B 

H 

Valid 

L 

L 


Pseudo-Write Transfer 


Note; H: V IH , L: V IL , *: V IH or V IL 

(1) The input level of DT/OE in the CAS before RAS timing is not ristricted. 
However it is recommended that DT/OE be held ’High' because this input 
will be used for future expansion of the operation mode. 


ADDRESSING 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524257P/Z, are multiplexed onto 9 address 
input pins (A0^A8). Nine row-address bits are latched on the falling edge of the row 
address strobe (RAS) and the following nine column address bits are latched on the 
falling edge of the column address strobe (CAS). 

The row address inputs AXO^AX3 are also used as operation code input signals in 
the raster operation set-up cycle. 


DATA TRANSFER/OUTPUT ENABLE (DT/OE) 

The DT/OE input is a multifucntion pin. When DT/OE is ’High' at the falling edge 
of RAS, a normal DRAM cycle is performed and this input is used as an output enable. 
When DT/OE is 'Low' at the falling edge of RAS, a data transfer operation is started 
between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
TJB/WE input is used in the same manner as standard DRAMs except when the write-per-bit 
function or the raster operation are used. When WB/WE is 'low* at the falling edge 
of RAS, the bit write-mask is enabled. When WB/WE and CAS are 'low’ at the falling 
edge of RAS, the raster operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is 'high' at the falling edge of RAS, 
the data is transferred from RAM to SAM (read-transfer cycle). When WB/WE is 'low' at 
the falling edge of RAS, the data is transferred from SAM to RAM (write-transfer 
cycle). 


WRITE-MASK DATA/DATA INPUT/OUTPUT (W1/I01 to W4/I04) 

When the write-per-bit function is enabled, the mask data on the W1/I01 pins is 
latched into the write-mask register WM1 at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic '1'. Writing is 
inhibited on data lines where the write-mask data is a logic 'O'. The write-mask data 
is valid for only one cycle except for during raster operation. In the raster opera¬ 
tion set-up cycle, the mask data is latched into the write-mask register WM2 at the 
falling edge of RAS. The write-mask selected during the raster operation set-up cycle 
remains valid for all subsequent raster operation write, read-modify-write or page¬ 
mode write cycles. 


PAGE MODE 

The page mode feature of the TC524257P/Z allows data to be transferred into or 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent page mode read operations, the ouptut data 
is valid after the specified access time from CAS. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 


RAS-ONLY REFRESH 

The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with 'RAS-ONLY’ cycles. 
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CAS-BEFORE-RAS REFRESH 

The TC524257P/Z also offers an internal refresh function. When CAS is held ’low' 
for a specified period (tcSR) before RAS goes low, an internal refresh address counter 
and on-chip refresh control clock generators are enabled and an internal refresh 
operation takes place. When the refresh operation is completed, the internal refresh 
address counter is automatically incremented in preparation for the next CAS-before- 
RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low while 
cycling RAS. 

During a CAS-before-RAS refresh cycle, WB/WE” must be ’high' at the falling edge 
of RAS to prevent a false raster operation set-up cycle from occurring. 


HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS ’low* from 
a previous read cycle. This allows for the output data from the previous memory cycle 
to remain valid while performing a refresh. The internal refresh address counter 
provides the address and the refresh is accomplished by cycling RAS after the speci¬ 
fied RAS-precharge period (refer to figure 1). 


Figure 1: hidden refresh cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir¬ 
cuits of the RAM port. When WB/WE is held 'low* at the falling edge of RAS, during a 
random access operation, the write-mask is enabled. At the same time, the mask data 
on the Wi/IOi pins is latched onto the write-mask register (WM1). When a ’O' is 
sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled and 
new data will not be wirtten. 

When a '1* is sensed on any of the Wi/IOi pins, their corresponding write circuits 
will remain enabled so that new data is written. The truth table of the write-per-bit 
function is shown in table 2. 


Table 2: Truth table for write-per-bit function 


At the falling edge of RAS 


CAS 

DT/OE 

WB/WE 

Wi/IOi (i=1^4) 

H 

H 

H 

* 

Write Enable 

H 

_ 

H 

— 

1 


81 

0 



An example of the write-per-bit function illustrating its application to displays 
is shown in figures 2 and 3. 


Figure 2: write-per-bit timing cycle 


Figure 3: corresponding bit-map 
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RASTER OPERATION 

The TC524257P/Z features a logic function which provides 16 modes of raster op¬ 
eration. The desired logic function mode is selected during the raster operation 
set-up cycle and remains in effect until another selection is made. During raster 
operation, the TC524257P/Z performs internal logic operations when data is written 
through the RAM port. As shown in figure 4, the result (fj) of the logic operation, 
between the input data and the data residing in the accessed memory location is 
stored back in the accessed memory location. 


Mn <- f j (Mn, Dn) 

f j : Logic Operation (j=0^15) 
Mn: Destination Cell Data 
Dn: Source Input Data 
n: Number of W/IO 



Input Data 


Mask Data 
WM2 


Figure 4: block diagram of raster operation 


The row address inputs AXO thru AX3 are used as operation code input signals in 
the raster operation set-up cycle. 

Table 3 lists the operation assigned to the sixteen logic function modes. 

Table 3: Truth table of raster operation 


Operation Code 

- Symbol 

AXO 


0 I ZERO 


AND1 


0 AND2 


INHIBIT 


0 I AND 3 


*3THROUGH Dn 



Operation 

Note 

Operation ( 

’ode 

Symbol 

Operation 

Note 

AX3 


AXO 

0 

*1 

1 

DD 

0 

NOR 


*2 

Dn • Mn 

*2 

1 

rail 

1 

ENOR 


*2 

Dn • Mn 

*2 

1 

HD 

0 

INV1 

Dn 

*1 

Mn 

*2 

1 

ran 

1 

0R2 

Dn ♦ Mn 

*2 


*2 

BHD 

0 

INV2 


*2 

Dn • Mn 

Mn 

Dn 

*1 

1 

DOi 

1 

0R3 

Dn + Mn 

*2 

Dn® Mn 

*2 

1 

OH 

0 

NAND 

Dn * Mn 

*2 

Dn + Mn 

*2 

1 

1 

1 

1 

ONE 

1 

*1 


Note: *1 Normal write cycle timing is applied. 

*2 Raster operation write cycle timing must be applied. 

*3 The 'THROUGH* operation mode allows input data to be written directly into 
the selected memory location without raster operation. Therefore, 'THROUGH' 
is used to reset the raster operation. 
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AX0^AX3 .RASTER OPERATION SELECTION CODE 

(16 functions) 
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Figure 5 shows the timing diagram for the raster operation set-up cycle. 

Both CAS and WB/WE must be low at the falling edge of RAS. At this point, the 
operation code specified by row addresses AXO thru AX3 determines the logic function 
to be performed and the mask data is latched into the write-mask register WM2. 

The logic function and mask data specified during the raster operation set-up cycle 
will remain in effect during all subsequent raster operation cycles, till another 
raster operation set-up cycle is executed to change the logic operation mode and mask 
data. 

When the ’THROUGH’ operation mode is selected, a logic operation is not per¬ 
formed but the mask data specified during the raster operation set-up cycle remains 
in effect during all subsequent raster operation cycles (persistent write per bit 
function). 

Figure 6 shows an example of raster operation cycles with a write-per-bit cycle 
mixed in the sequence. During the write-per-bit cycle, the raster operation is 
inhibited and the mask data in register WM1 is used while the mask data in register 
WM2 is ignored. In the subsequent raster operation page mode cycle, the raster op¬ 
eration is reactivated and the mask data in register WM2 is used again. 
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Figure 6: Example of raster operation 
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TRANSFER OPERATION 

The TC524257P/Z features bi-directional transfer capability from RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from one 
port into the other. During a transfer cycle, RAM port and SAM port operations are 
restricted. 

There are three types of transfer operations: read transfer, write transfer and 
pseudo-write transfer. As shown in table 4, the type of transfer operation is deter¬ 
mined by CAS, DT/OE, WB/WE and "SE at the falling edge of RAS. 

Table 4: Truth table of transfer operation 


At the falling edge of RAS 


Transfer 

direction 

CAS 

'DT/OE 

WB/WE 

SE 

H 

L 

H 

* 

Read/real-time read transfer cycle 

RAM-*- SAM 

H 

L 

L 

L 

Write-transfer cycle 

SAM-*- RAM 

H 

L 

L 

H 

Pseudo-write transfer cycle 

- 


*: high or low 


READ-TRANSFER CYCLE 

A read-transfer consists of loading a selected row of data from the RAM array into 
the SAM register. A read-transfer is accomplished by holding CAS high, DT/(5E low and 
WB/WE high at the falling edge of RAS. The row address selected at the falling edge 
of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 

When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com¬ 
pleted at the rising edge of DT/OE and becomes valid on the SIO lines after the speci¬ 
fied access time tgc^ from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 7). 

Figure 7: block diagram of RAM port and SAM port during read transfer 
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In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC 
clock must be held at a constant Vil or Vih» after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay tjSD from the rising edge of DT/OE (refer to Figure 8). 


Figure 8: Read-transfer cycle (preceded by a write-transfer cycle) 
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In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO lines until the specified tgCA 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any timing loss. To make this c ont inuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC 
(refer to Figure 9). 

Figure 9: Real-time read transfer cycle 
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WRITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row of the RAM array. A write-transfer is accomplished by CAS high, 
5T/5E low, WB/WE low and SE low at the falling edge of RAS. The row address selected 
at the falling edge of RA§ determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is completed, 
the SIO lines are in the input mode so that serial data synchronized with SC can be 
loaded. 

When two consecutive write-transfer operations are performed, there is a delay in 
availability between the last bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant Vjl or Vjh after the SC precharge 
time tsc has seen satisfied, a rising edge of the SC clock until after a specified 
delay tgRD from the rising edge of RA§ (refer to figure 10). 

Figure 10: Write-transfer cycle 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, DT/OE 
low, WB/WE low and 55 high at the falling edge of RAS. The pseudo-write-transfer 
cycle must be performed after a read-transfer cycle if the subsequent operation is a 
write-transfer cycle. 

There is a timing delay associated with the switching of the SIO lines from serial 
output mode to serial input mode. During this period, the SC clock must be held at a 
constant Vil or Vjh after the tsc precharge time has been satisfied. A rising edge of 
the SC clock must not occur until after the specified delay tgRD from the rising edge 
of RAS (refer to Figure 11). 

Figure 11: Pseudo-write-transfer cycle 
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SAM PORT OPERATION 

The TC524257P/Z is provided with a 512-word by 4-bit serial access memory (SAM). 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans¬ 
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM-*- SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512- 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are configured 
as circular data registers. The data is shifted out sequentially starting from the 
selected tap location to the most significant bit and then wraps around to the least 
significant bit. 


| I j | | J | J Tap location determined by 

r—m ~o —— i —— 2 —*- ~509 -— 510 -» 511 column address of read-transfer 

j ___j cycle. 


Subsequent real-time-read-transfer may be performed on-the-fly as many times as 
desired within the refresh constrainst of the DRAM memory array. 

A pseudo-write-transfer cycle must be performed in order to write data into the 
SAM port. This cycle switches the SAM port operation from output mode to input mode. 
Data is not transferred during a pseudo-write-transfer cycle. A write-transfer cycle 
(SAM-*-RAM) may then be performed. The data in the SAM registers is loaded into the 
RAM row selected by the row address at the falling edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge of CAS 


Table 5: Truth table for SAM operation 


Preceding 

Transfer 

Cycle 

SAM port 
operation 

DT/OE (at the 
falling edge 
of RAS) 

sc 

SE 

Function 

read- 

transfer 

serial 

output 

mode 

H* 

JL 

L 

enable serial read 

H 

disable serial read 

write- 

transfer 

serial 

input 

mode 

JL 

L 

enable serial write 

H 

disable serial write 


* When simultaneous operation are being performed on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
trasnfer cycle. 
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SERIAL CLOCK (SC) 

AIL operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial-read, 
the output data becomes valid on the SIO pins after the maximum specified serial ac¬ 
cess time tgcA from the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi¬ 
cant address location (decimal 511), the next SC clock will place it at the least 
significant address location (decimal 0). 


SERIAL ENABLE (SE) 

The SE input is used to enable serial access operation. In a serial-read cycle, 

SE is used as an output control. In a serial-write cycle, SE is used as a write enable 
control. When SE is high, serial access is disabled, however, the serial address 
pointer location is still incremented when SC is clocked even when SE is high. 


SERIAL INPUT/OUTPUT (SI0l^SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is performed, 
the SAM port operation is switched from output mode to input mode. 

During subsequent write-transfer cycle, the SAM port remains in the input mode. 


REFRESH 

The SAM data registers are static flip-flops therefore a refresh is not required. 
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WRITE CYCLE (EARLY WRITE) 
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READ-WTITE/READ-MODIFY-WRITE CYCLE 
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PAGE MODE WRITE CYCLE (EARLY WRITE) 


_ V IH — 

RAS 

V IL - 


CAS 



Vih - 

AO~A8 

V IL — 


WB/WE 


V IH - 

V IL - 


DT/OE 


V IH - 

V IL- 


rIN 


Wl/IOl 

S 

W4/I04 


Lout 


v ih — 
v il — 


V OH- 


V 


OL - 



OPEN -»*■ 


Don’t Care 


B-85 — 
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RAS ONLY REFRESH CYCLE 
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REAL TIME READ TRANSFER CYCLE 
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WRITE TRANSFER CYCLE 
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SERIAL WRITE CYCLE (SE CONTROLLED WRITE) 
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RASTER OPERATION SET-UP CYCLE 
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RASTER OPERATION WRITE CYCLE (EARLY WRITE) 
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RASTER OPERATION WRITE CYCLE (OE CONTROLLED WRITE) 
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OUTLINE DRAWINGS 


Plastic DIP 


Unit in mm 


28 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.28 leads. 

All dimensions are in millimeters. 
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Plastic ZIP 


Unit in mm 




3.0 MAX. 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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DESCRIPTION PRELIMINARY 

The TC524257J is a CMOS Multiport memory equipped with a 262,144-word * 4 bit dynamic 
random access memory (RAM) port and a 512-word * 4 bit static serial access memory (SAM) 
port. In addition to the conventional DRAM operation modes, the TC524257J features 
a logic function and a write-per-bit function on the RAM port; Bi-directional transfer 
capability between the DRAM memory array and the SAM data register and a high speed 
serial read/write capability on the SAM port. The RAM port and the SAM port can be 
accessed independently except when data is being transferred between them internally. 
The TC524257J is fabricated using TOSHIBA'S CMOS silicon gate process technology as 
well as advanced circuitry to provide low power dissipation and wide operating margin. 
Multiplexed address inputs and a common input/output organization allow the TC524257J 
to be housed in a standard 32-pin, 400-mil wide plastic SOJ, 

System oriented features include a single 5V±10% power supply operation and compati¬ 
bility with high performance schottky TTL logic. 


FEATURES 


ITEM 

TC524257J 

-10 

-12 

tRAC 

RAS Access Time (Max.) 

100ns 

120ns 

c CAC 

CAS Access Time (Max.) 

50ns 

60ns 

c RC 

Cycle Time (Min.) 

190ns 

220ns 

tpc 

Page Mode Cycle Time(Min.) 

90ns 

105ns 

c SCA 

Serial Access Time (Max.) 

25ns 

35ns 

c SCC 

Serial Cycle Time (Min.) 

30ns 

40ns 

T CC1 

RAM Operating Current 
(SAM: Standby) 

60mA 

55mA 

I CC2A 

SAM Operating Current 
(RAM: Standby) 

40mA 

35mA 

X CC2 

RAM/SAM 

Standby Current 

3mA 


Organization 

RAM port: 262,144 words* 4 bits 
SAM port: 512 words* 4 bits 
Single power supply of 5V±10% with a 
built-in VgB gener ator 
Read-Modify-Write, CAS before RAS re¬ 
fresh, Hidden refresh. Page mode, 
Write-Per-Bit, Raster operation, Read 
transfer. Write transfer. Serial read 
Serial write capability 
All inputs and outputs TTL compatible 
512 refresh cycle/8ms 
Package TC524257J : 0.4 inches 32 pins 
standard 
Plastic SOJ 


PIN NAMES 


A0% A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/OE 

Data Transfer/Ouptut Enable 

WB/WE 

Write Per Bit/Write Enable 

Wl/101-v W4/I04 

Write Mask/Data IN, OUT 

SC 

Serial Clock 

SE 

Serial Enable 

SIOl^ SI04 

Serial Input Output 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


NCC 

1 

32 

]\*» 

sc[ 

2 

31 

]v» 

acaC 

3 

30 

]» 

3KX( 

* 

29 

]*» 

DT/ceL 

5 

28 

]* 

Wl/K>l[ 

6 

27 

]w*/» 

W2/KB[ 

7 

26 

]w*w 

ve/vc[ 

a 

25 

]NC 

NC[ 

9 

2* 

]<55 

RAS[ 

IQ 

a 

]nb 


11 

22 

fw 


12 

21 

w 


13 

20 


**[ 

M 

19 

Ew 

voc[ 

IS 

16 

1 ” _ 


1* 

17 

]nc 
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Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

1,048,576 W0RDSX4 BIT 

FAST PAGE MODE THM41OOOL-10,12 

DYNAMIC RAM MODULE 


PRELIMINARY 


DESCRIPTION 

The THM41000L is a 1,048,576 words by 4 bits 
dynamic RAM module which assembled 4 pcs of 
TC511000J on the printed circuit board. 

The THM41000L is optimized for application to the 


systems which are required high density and large capaci¬ 
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 


FEATURES 

• 1,048,576 words by 4 bits organization 

• Fast access time 



THM41000L-10 

THM41000L-12 

tRAC 

RAS Access Time 

100ns 

120ns 

tAA 

Column Address Access Time 

50ns 

60ns 

tCAC 

CAS Access Time 

25ns 

30ns 

tRC 

Cycle Time 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

55ns 

70ns 


• Single power supply of 5V + 10% • All inputs and outputs TTL compatible 

• Low power • 512 refresh cycles/8ms 

1,320mW MAX. Operating (THM41000L-10) • 12.64mm MAX. Assembly Height 

1,100mW MAX. Operating (THM41000L-12) 

22mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Fast Page Mode capability. 


PIN CONNECTION (TOP VIEW) 



A0 ~ A9 

Address Inputs 

D1 ~ D4 

Data Input 

Q1 ~Q4 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

ReadAVrite Input 

TF 

Test Function 

V CC 

Power (+5V) 

V SS 

Ground 


C-3 
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TOSHIBA MOS MEMORY PRODUCTS 


1,048,576 W0RDSX4 BIT 
NIBBLE MODE 
DYNAMIC RAM MODULE 


THM41001L-10,12 


The THM41001L is a 1,048,576 words by 4 bits 
dynamic RAM module which assembled 4 pcs of 
TC511001J on the printed circuit board. 

The THM41001L is optimized for application to the 


PR&M*|*IAIIY 


systems which are required high density and large capaci¬ 
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 


• 1,048,576 words by 4 bits organization 

• Fast access time 



THM41001 L-10 

THM41001 L-12 

tRAC 

RAS Access Time 

100ns 

120ns 


Column Address Access Time 

50ns 

60ns 

tCAC 


35ns 

40ns 

tRC 

Cycle Time 

190ns 

220ns 

tNCAC 

Nibble Mode Access Time 

20ns 

25ns 

tNC 

Nibble Mode Cycle Time 

40ns 

50ns 


• Single power supply of 5V ±10% • All inputs and outputs TTL compatible 

• Low power • 512 refresh cycles/8ms 

1,320mW MAX. Operating (THM41001 L-10) • 12.64mm MAX. Assembly Height 

1,10OmW MAX. Operating (THM41001 L-12) 

_22mW MAX. Standby __ 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Nibble Mode capability. 


(TOP VIEW) 





AO ~ A9 

Address Inputs 

D1 ~ D4 

Data Input 

Q1 ~Q4 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

TF 

Test Function 

Vcc 

Power (+5V) 

Vss 

Ground 


04 




















TOSHIBA MOS MEMORY PRODUCTS 


1,048,576 W0RDSX4 BIT 
STATIC COLUMN MODE 
DYNAMIC RAM MODULE 


THM41002L-10,12 


PRELIMINARY 

DESCRIPTION 

The THM41002L is a 1,048,576 words by 4 bits 
dynamic RAM module which assembled 4 pcs of 
TC511002J on the printed circuit board. 

The THM41002L is optimized for application to the 


FEATURES 

• 1,048,576 words by 4 bits organization 

• Fast access time 



THM41002L-10 

THM41002L-12 

tRAC 

RAS Access Time 

100ns 

120ns 

t AA 

Column Address Access Time 

50 ns 

60ns 

tCAC 

C S Access Time 

25ns 

30ns 

t RC 

Cycle Time 

190ns 

220ns 

tsc 

Static Column Mode Cycle Time 

55ns 

65ns 


• Single power supply of 5V ± 10% • All inputs and outputs TTL compatible 

• Low power • 512 refresh cycles/8ms 

1,320mW MAX. Operating (THM41002L-10) • 12.64mm MAX. Assembly Height 

1,1 OOmW MAX. Operating (THM41002L-12) 

22mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden 
refresh, and Static Column Mode capability. 


systems which are required high density and large capaci¬ 
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 


PIN CONNECTION (TOP VIEW) 


(TOP VIEW) 


V SS 

Cl) 

TP 

(2) 

A9 

(3) 

AS 

(4) 

VDD 

(5) 

D1 

(6) 

04 

C7> 

CS 

(8) 

A7 

C 9) 

AS 

(10) 

AA 

(11) 

ns 

(12) 

Q3 

(13) 

w 

(14) 

A1 

(15) 

AS 

(16) 

AS 

(17) 

03 

(18) 

rc 

(19) 

A2 

(20) 

to 

(21) 

RAS 

(22) 

D4 

(23) 

0,4 

(24) 

V SS 

(25) 



PIN NAMES 


AO ~ A9 

Address Inputs 

D1 ~ D4 

Data Input 

Q1 ~ Q4 

Data Output 

CS 

Chip Select Input 

RAS 

Row Address Strobe 

w 

Read/Write Input 

TF 

Test Function 

Vcc 

Power (+5V) 

Vss 

Ground 


C-5 











THM41002L-10, 12 


• OUTLINE DRAWINGS 




















TOSHIBA MOS MEMORY PRODUCTS 


524,288 WORDSX8 BIT 
FAST PAGE MODE 
DYNAMIC RAM MODULE 


THM8512S/L-10,12 


PftttUVHNARY 


DESCRIPTION 

The THM8512S/L is a 524,288 words by 8 bits dy¬ 
namic RAM module which assembled 4 pcs of TC514256J 
on the printed circuit board. 

The THM8512S/L is optimized for application to the 


systems which are required high density and large capaci¬ 
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 


FEATURES 

• 524,288 words by 8 bits organization 

• Fast access time 


. 

THM8512S/L-10 

THM8512S/L-12 

tRAC 

RAS Access Time 

100ns 

120ns 

t AA 

Column Address Access Time 

50ns 

60ns 

*CAC 

CAS Access Time 

30ns 

35ns 

tRC 

Cycle Time 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

55ns 

70ns 


• Single power supply of 5V + 10% • All inputs and outputs TTL compatible 

• Low power • 512 refresh cycles/8ms 

737mW MAX. Operating (THM8512S/L-10) 

627mW MAX. Operating (THM8512S/L-12) 

22mW MAX. Standby 

• Read-Modify-Write, CAS before RAS refresh, RAS 
only refresh. Hidden refresh, and Fast Page Mode 
capability. 


PIN CONNECTION 

(TOP VIEW) 


VCC 

CAS 

a) 

(2) 


(3) 

(4) 

A1 

(5) 

SI* 

(6) 

(7) 

A3 

(8) 

VSS 

(9) 

DQ.2 

(10) 

AA 

ai) 

A5 

(12) 

DQ.3 

a 3) 

A6 

(14) 

A 7 

(15) 


a 6) 

(17) 

RC. 

(18) 

RAS2 (19) 

Dft5 

(20) 

w 

(21) 

VSS 

(22) 

DQ.6 

(2 3) 

PD1 (VDDX24) 

DQ.7 

(25) 

PD2 (VSS 

)(26) 

RAS1 

(27) 

oS 

(28) 

NC. 

(29) 

VCC 

CO) 



PIN NAMES 


A0~ A8 

Address Inputs 

DQO ~ DQ7 

Data Input/Outputs 

OE 

Output Enable 

W 

Read/Write Input 

CAS 

Column Address Strobe 

RAS1,2 

Row Address Strobe 

PD1 

Presence Detect (Power) 

PD2 

Presence Detect (Ground) 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


C-7 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1.0 ^7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 m7.0 

V 

1 

Power Supply Voltage 

vcc 

-1.0 'W.O 

V 

1 

Operating Temperature 

t opr 

o 

c 5 

O 

°C 

1 

Storage Temperature 

t STG 

-55 ^ 125 

°C 

1 

Soldering Temperature • Time 

t solder 

260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

2.4 

W 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0%70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

v IH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0'WO'C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Pcci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS _ , Address Cycling: tpc =t RC MIN.) 

THM8512S/L-10 

- 

134 

mA 

3, 4 

THM8512S/L-12 

- 

114 

J CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V ih ) 

- 

8 

mA 


l CC3 

RAS ONLY REFRESH CURRENT 

Average Poxver Supply Current, RAS Only Mode 
(RAS Cycling, CAS=VpH : tpc =t RC MIN >) 

THM8512S/L-10 

- 

260 

mA 

3 

THM8512S/L-12 

- 

220 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vjl» CAS, Address Cycling: tpQ=tp^ MIN.) 

THM8512S/L-10 

- 

94 

mA 

3, 4 

THM8512S/L-12 

- 

74 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

- 

4 

mA 


X CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tpc =t RC MIN.) 

THM8512S/L-10 

- 

260 

mA 

3 

THM8512S/L-12 

- 

220 

^(D 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V =ViN =6.5V, All Other Pins Not Under Test=0V) 

-40 

40 

yA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(D 0U t is disabled, 0V 1 V 0U t =5.5V) 

-20 

20 

pa 


V 0 H 

.OUTPUT LEVEL 

Output "H" Level VOLTAGE (I 0 UT = - 5inA ) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level VOLTAGE (IoUT = ^*2mA) 

- 

0.4 

V 



C-9 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7, 15) 


UNIT NOTES 


SYMBOL 

PARAMETER 

tRC 

Random Read or Write Cycle Time 

C RMW 

Read-Modify-Write Cycle Time 

tpc 

Fast Page Mode Cycle Time 

tpRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

tRAC 

Access Time from RAS 


Access Time from CAS 

t AA 

Access Time from Column Address 


Access Time from CAS Precharge 


CAS to output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

tT 

Trnasition Time (Rise and Fall) 

fc RP 

RAS Precharge Time 


RAS Pulse Width 

tRASP 

RAS Pulse Width (Fast Page Mode) 

tRSH 

RAS Hold Time 

tcSH 

CAS Hold Time 

c CAS 

CAS Pulse Width 

tRCD 

RAS to CAS Delay Time 

t RAD 

RAS to Column Address Delay Time 

t CRP 

CAS to RAS Precharge Time 

t CPN 

CAS Precharge Time 

c CP 

CAS Precharge Time (Fast Page Mode) 

fc ASR 

Row Address Set-Up Time 

fc RAH 

Row Address Hold Time 

^SC 

Column Address Set-Up Time 

t CAH 

Column Address Hold Time 

C AR 

Column Address Hold Time referenced to 
RAS 

t RAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

t RCH 

Read Command Hold Time 


THM8512S/L-10 THM8512S/L-12 














































































































































SYMBOL 

PARAMETER 

t RRH 

Read Command Hold Time referenced to 

RAS 

tWCH 

Write Command Hold Time 

c WCR 

Write Command Hold Time referenced to 

RAS 

tWP 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

t CWL 

Write Command to CAS Lead Time 

tDS 

Data Set-Up Time 

tDH • 

Data Hold Time 

tDHR 

Data Hold Time referenced to RAS 

tREF 

Refresh Period 

c WCS 

Write Command Set-Up Time 

c CWD 

CAS to WRITE Delay Time 

tRWD 

RAS to WRITE Delay Time 

t AWD 

Column Address to WRITE Delay Time 

tCSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

t CHR 

CAS Hold Time (CAS before RAS cycle) 

t RPC 

RAS to CAS Precharge Time 

tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

t: ROH 

RAS Hold Time referenced to OE 

c 0EA 

OE Access Time 

t OED 

OE to Data Delay 


Output buffer turn off Delay Time from 
OE 

c OEH 

OE Command Hold Time 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0%70°C) 


SYMBOL 

PARAMETER 

C I1 

Input Capacitance (A0^A9, W, CAS, ( 

C I2 

Input Capacitance (RAS1, RAS2) 

C DQ 

I/O Capacitance (DQ0^DQ7) 


— C-11 
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THM8512S/L-10 

THM8512S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 



jgMji 

0 

- 

ns 

10 



■ 

25 

- 

ns 

■ 


H 

- 

90 

- 

ns 

■ 



- 

25 

- 




■ 

- 

30 

- 




25 

- 

30 

- 

ns 



0 

- 

0 

- 


El 


20 

- 

25 

- 


El 


75 

- 


- 




- 

8 

- 

8 

[j 



0 

- 

0 

- 

i 

12 


65 

- 

75 

- 

i 

12 


135 

- 


- 


12 


85 

- 

100 

- 

ns 

12 


10 

n 


- 

ns 

■ 


30 

- 

30 

- 




0 1 

- 

0 

- 





- 

60 

- 

D 

■ 


20 

- 

20 

- 




- 

25 

- 

30 

ns 



25 

- 


- 

ns 



0 

25 



ns 

I 


25 

- 

30 

- 

ns 



MAX. 

40 

20 

20 


UNIT 

PF 

PF 

pF 


MIN 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" May cause 
permanent damage to the device. 

2. All voltage are reference to Vgg. 

3 * I CC1> I CC3» t CC 4» I CC6 depend on cycle rate. 

4. Icci» IcC4 depend on output loading. Specified value are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^=5ns. 

7. ViH(min.) and ViL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vih and Vjl. 

8. Measurement with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) and t()EZ( max *) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either tpcH or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to 
WRITE leading edge in read-modify-wirte cycles. 

12. twcs> tRND s tcwD and t^WD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If t^cs =twCS(min.) 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) through the entire cycle; If tRWD = tRWD(niin.), tcWD = tcWD(min.) and 
tAWD =tAWD( m i n *)j the cycle is a read-modiry-write cycle and data out will contain 
data read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tp£p(max.) limit insures that tp^(-(max.) can be met. 
tpcD( max *) is specified as a reference point only: If tp£p is greater than the 
specified tpQ)(max.) limit, then access time is controlled by tQ^C- 

14. Operation within the tp^p(max.) limit insures that tp^c(max.) can be met. 
t RAD( max *) as specified as a reference point only: If tpAD as greater than the 
specified tp^p(max.) limit, then access time is controlled by t^A* 


15. To p revent from the bus contention, please avoid such timing that both RAS1 and 
RAS2 are activating. 


— C-12 — 





READ CYCLE 


■SSI 


■■■ i 






tASC . 
tASR |LaH 


' ROW Iy/AT COLUMN 
.addressIAy/AL address 


THM8512S/L-10. 12 


^AR 



_3 

toSK 



t RCD , 

^RSH 



I/O 1-I/O £ 


t 0E2 

VALID DATA-OUT 


WRITE CYCLE (EARLY WRITE) 


t C£ 

3H 

/ 





t RSH 



H 


t CAS 

... . 

£ 


- 3 

L _ 


COLUMN 

ADDRESS 


I/O 1-1/0 8 
























READ-MODIFY-WRITE CYCLE 




- 014 - 
















FAST PAGE MODE READ CYCLE 


t RASP 


t RP 
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li 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



- C-18 

















CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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OUTLINE DRAWINGS 


THM8512S 


Unit in mm 


03.18 ±0.0 5 


□□□□□□□□□□□□□□□□□□□□□.□□□□□□□ 
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TOSHIBA MOS MEMORY PRODUCTS 

524,288 WORDSX8 BIT DYNAMIC RAM MODULE 
STATIC COLUMN MODE 
DYNAMIC RAM MODULE 


THM8514S/L-10,12 


DESCRIPTION 

systems which are required high density and large capaci¬ 
ty such as main memory of the computers and an image 
memory systems, and to the others which are requested 
compact size. 

FEATURES 

• 524,288 words by 8 bits organization 

• Fast access time 


The THM8514S/L is a 524,288 words by 8 bits dy¬ 
namic RAM module which assembled 4 pcs of TC514258J 
on the printed circuit board. 

The THM8514S/L is optimized for application to the 



THM8514S/L-10 

THM8514S/L-12 

tRAC 

RAS Access Time 

100ns 

120ns 

*AA 

Column Address Access Time 

50ns 

60ns 

tCAC 

CS Access Time 

30ns 

35ns 

*RC 

Cycle Time 

190ns 

220ns 

tsc 

Static Column Mode Cycle Time 

55ns 

65ns 


• Single power supply of 5V ± 10% • All inputs and outputs TTL compatible 

• Low power • 512 refresh cycles/8ms 

737mW MAX. Operating (THM8514S/L-10) 

627mW MAX. Operating (THM8514S/L-12) 

22mW MAX. Standby 

• Read-Modify-Write, CS before RAS refresh, RAS only 
refresh, Hidden refresh, and Static Column Mode 
capability 


PIN CONNECTION 


(TOP VIEW) 




u 

VCC ( 1) 

a 


53 ( 2) 

a 


DQO C 3) 

□ 


AO ( 4) 

□ 


A1 ( 5) 

□ 


DQ1 ( 6) 

a 


A2 ( 7) 

□ 

_o 

A3 ( 8) 

□ 

VSS ( 9) 

a 


DQ2 00) 

a 


A4 Ql) 

□ 


AS (12) 

a 


DQ3 a® 

□ 


AS (14) 

□ 


a 7 a s) 

□ 

o 

DQ4 (16) 

□ 

A8 Q7) 

a 


n.c. a® 

a 


f<A32 a 9) 

□ 


DQS BO) 

a 


w" Bl) 

□ 


VSS (22) 

□ 


DQS (2® 

□ 

o 

PD1 (VC® (24) 

□ 

DQ7 (25) 

□ 


PD2 (VSS) ES 

□ 


PAST E7) 

a 


nsr E8) 

□ 


N.C. (29) 

a 


VCC (30) 

□ 

o 


PIN NAMES 


AO ~ A8 

Address Inputs 

DQO ~ DQ7 

Data Input/Outputs 

OE 

Output Enable 

vv 

ReadAVrite Input 

cs~ 

Chip Select Input 

RAS1,2 

Row Address Strobe 

PD1 

Presence Detect (Power) 

PD2 

Presence Detect (Ground) 

Vcc 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 
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NOTES 


UNITS 


ITEM 

SYMBOL 

RATING 

Input Voltage 

VlN 

-1.0 ^7.0 

Output Voltage 

v OUT 

-1.0 ^7.0 

Power Supply Voltage 

V CC 

-1.0 ^ 7.0 

Operating Temperature 

topr 

o 

<? 

o 

Storage Temperature 

TsTG 

-55 v 125 

Soldering Temperature • Time 

t solder 

260 • 10 

Power Dissipation 

Pd 

2.4 

Short Circuit Output Current 

t OUT 

50 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0 %70°C) 



DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 


UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: t R Q=tj>c MIN.) 

THM8514S/L-10 

- 

134 

mA 

3, 4 

THM8514S/L-12 

- 

114 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V ih ) 

B 

8 

mA 

■ 

X CC3 

RAS ONLY REFERS!! CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=VpH : tpc =t RC MIN.) 

THM8514S/L-10 

- 

260 

mA 


THM8514S/L-12 

- 

220 

X CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 
Mode 

(RAS=CS=Vjl, Address Cycling: tgQ=tgQ MIN.) 

THM8514S/L-10 

- 

94 

mA 

3, 4 

THM8514S/L-12 


74 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V CC -0.2V) 


4 

mA 

■ 

X CC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS 
Mode (RAS, CS Cycling: tpc =t RC MIN.) 

THM8514S/L-10 

- 

260 

mA 

3 

THM8514S/L-12 

- 

220 

X I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V ^VpN =6.5V, All Other Pins Not Under Test=0V) 

-40 

40 


■ 

X 0 (L) 

OUTPUT LEAKAGE CURRENT 

(Dqut Xs disable, 0V £ Vqjjt = 5 • 5V) 

-20 

20 



pc; 

o 

> 

OUTPUT LEVEL 

Output "H" Level Voltage (Iout =- 5 iii 4) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage ( x 0UT =l ^ • 2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0'WO°C) (Notes 5, 6, 


THM8514S/L-12 


SYMBOL 


c RC 



PARAMETER 


Random Read or Write Cycle Time 

Read-Modify-Write Cycle Time _ 

Static Column Mode Cycle Time 
Static Column Mode Read-Modify-Write 
Cycle Time 

Access Time from RAS 

Access Time from CS 

Access Time from Column Address 

Access Time from Last Write 

CS to Output in Low-Z _ 

Output Buffer Turn-off Delay 
Output Data Hold Time from Column 
Address 

Output Data Enable Time from WRITE 


Transition Time (Rise and Fall) 


RAS Precharge Time 
RAS Pulse Width 

RAS Pulse Width (Static Column Mode) 

CS to RAS Hold Time 
RAS to CS Hold Time 
US’ Pulse Width 

CS Pulse Width (Static Column Mode) 

RAS to CS" Delay Time 

RAS to Column Address Delay Time _ 

CS to RAS Precharge Time _ 

CS Precharge Time 

CS Precharge Time (Static Column Mode) 

Row Address Set-up Time 

Row Address Hold Time 

Column Address Set-up Time 

Column Address Hold Time 

Write Address Hold Time Referenced to 

RAS 


IBBI 


100 10,000 
100 1 loo'ooo" 

30 



10,000 I ns 


100,000 | ns 


RAS 

115 

- 

140 

Column Address to RAS Lead Time 

EB 

- 


Column Address Hold Time Referenced to 

RAS Rise 

n 

- 

15 

Last Write to Column Address Delay Time 

25 

45 

30 





























































































SYMBOL 

PARAMETER 

THM8514S/L-10 

THM8514S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t AHLW 

Last Write to Column Address Hold Time 

95 

- 


- 

ns 


tRCS 

Read Command Set-Up Time Referenced to 

CS 



0 

- 

ns 


tRCH 

Read Command Hold Time Referenced to 

CS 


■ 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time Referenced to 

RAS 

0 


0 

- 

ns 

10 

fc WH 

Write Command Hold Time 
(Output Data Disable) 

0 


0 

- 

ns 

12 

t WCR 

Write Command Hold Time Referenced to 
RAS 

75 


90 

- 

ns 


fc WP 

WRITE Pulse Width 

20 

- 

25 

- 

ns 


C WI 

WRITE Inactive Time 

10 

- 

15 

- 



C RWL 

WRITE Command to RAS Lead Time 

25 

- 

30 

- 




WRITE Command to CS Lead Time 

25 

- 

30 

- 

ns 


t DS 

Data-In Set-Up Time 

0 

- 

0 

- 

ns 

11 

t DH 

Data-In Hold Time 

20 

- 

25 

- 

ns 

11 

t DHR 

Data-In Hold Time Referenced to RAS 

75 

- 

90 

- 

ns 


C REF 

Refresh Period 


8 


8 

ms 


fc WS 

WRITE Command Set-Up Time 
(Output Data Disable) 

0 

■ 

0 

- 

ns 

12 

tCWD 

CS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

65 

- 

75 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

135 

1 

160 

- 

ns 

12 

tAWD 

Column Address to WRITE Delay Time 

85 


100 

- 

ns 

12 

c CSR 

CS Set-Up Time (CS before RAS) 

10 

. 

10 

- 



tCHR 

CS Hold Time (CS before RAS) 

30 


30 

- 



tRPC 

RAS to CS Precharge Time 

0 

- 

0 

- 


. 

tCPT 

CS Precharge Time 

(CS before RAS counter Test Cycle) 

50 

- 

60 

§ 

ns 

■ 

t ROH 

RAS Hold Time Referenced to OE 

20 

- 

20 


ns 


tOEA 

OE Access Time 

- 

35 

- 

45 



tOED 

OE to Data Delay 

25 

- 

30 

- 



tOEZ 

Output Buffer turn off Delay Time from 
OE 

0 

25 

0 

30 

ns 


t OEH 

OE Command Hold Time 

25 

- 

30 

- 

ns 



CAPACITANCE (V C c=5V±10%, f=lMHz, Ta=0'W0°C) 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (A0^A8, W", CS, OE) 

- 

40 


C I2 

Input Capacitance (RAS1, RAS2) 

- 

20 

pF 

Cdq 

I/O Capacitance (DQ0^DQ7) 

- 

20 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss* 

3. ICCI* I CC3» I CC4» I CC6 depend on cycle rate. 

4. IcCl> ICC4 depend on output loading. Specified values are obtained x^ith the 
output open. 

5. An initial pause of 200ps is required after power-up follox-7ed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vxn(min.) and ViL(max.) are reference levels for measuring timing of input 
signals. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) and t 0EZ (max.) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either tpcR or tRRR must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and 
to WRITE leading edge in Read-Modify-Write cycles. 

12. twSj twH, tRWD» tcWD and tAWD are not restrictive operating parameters. They 
are included the data sheet as electrical characteristics only. If tws = tWS 
(min.), the cycle is an early write cycle and the data out pin x^ill remain open 
circuit (high impedance) through the entire cycle; If tR^ =tRyp(min.), 

tCWD - tcWD^min.) and tAWD - c AWD(min. ) , the cycle is a Read-Modify-Write cycle 
and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

13. Operation within the tRCD(max.) limit insures that tR^Q(max.) can be met. 
tRCD( max *) is specified as a reference point only: If tR^p is greater than the 
specified tp E p(max.) limit, then access time is controlled by t E ^ E . 

14. Operation within the tRAp(max.) limit insures that tRAc(max.) can be met. 

t rad( max.) is specified as a reference point only: If tRAD is greater than the 
specified tRAp(max.) limit, then access time is contorolled by tAA* 

15. Operation within the tLWAD( max *) limit insures that t^R^(max.) can be met. 
t LWAD( max- ^ i s specified as a reference point only: If tpwAD i s greater than the 
specified tpwAD( max •) limit, then access time is controlled exclusively by tAA* 

16. tAH is the condition to latch column address when RAS has rised up. 

17. To prevent from the bus contention, please avoid such timing that both RAS1 and 
RAS2 are activation. 
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STATIC COLUMN MODE READ CYCLE 



VALID DATA 


VALID DATA 






I/O 1-1/08 
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STATIC COLUMN MODE REAP-MODIFY-WRITE CYCLE 



Y77\ : "H" or "L" 
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STATIC COLUMN MODE READ/WRITE MIXED CYCLE 


RAS 


Vih — 
VlL — 
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COLUMN 

ADDRESS 


t RWL 


WRITE 


VALID DATA-I 


t AWR 


RCD 


RSH 


I/O 1-1/08 


HIDDEN REFRESH CYCLE (WRITE) 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 



COLUMN ADDRESS 
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TOSHIBA MOS MEMORY PRODUCTS 

THM8100QS/L-85, 10, 12 


IDESCRIPTIONI 

The THM81000S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511000J on the printed circuit board. 

The THM81000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


1 features! 

• 1,048,576 words by 8 bits organization 

• Fast access time 



THM81000S/L-85 

THM81000S/L-10 

THM81000S/L-12 

t RAC 

RAS Access Time 

85ns 

100ns 

120ns 

C AA 

Column Address Access Time 

45ns 

50ns 

60ns 

tCAC 

CAS Access Time 

25ns 

25ns 

30ns 

fc RC 

Cycle Time 

165ns 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V±10% 

• Low power 3,080mW MAX. Operating (THM81000S/L-85) 

2,640mW MAX. Operating (THM81000S/L-10) 

2,200mW MAX. Operating (THM81000S/L-12) 

44rnW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


PIN CONNECTION] 

(TOP VIEW) 


vcc 

CAS 

DQO 

AO 

A1 

A3 

VSS 

DQ.2 

A4 

A5 

DQ.3 

A6 

A7 

DQ4 

A8 

A9 

N.C. 

JML5 

W 

VSS 

DQ.6 

N.C. 

DQ7 

N.C. 

RAS 

N.C. 

N.C. 

VCC 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1.0 ^ 7.0 

V 

1 

Output Voltage 

v OUT 

-1.0 'W.O 

V 

1 

Power Supply Voltage 

v C c 

-1.0 ^7.0 

V 

1 

Operating Temperature 

T OPR 

0 ^70 

°C 

1 

Storage Temperature 

t STG 

-55 'v125 

°c 

1 

Soldering Temperature . Time 

TsOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

4.8 

W 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 


6.5 

V 

2 

V IL 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Pcci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t RC = tRC MIN.) 

THM81000S/L-85 

- 

560 

mA 

3, 4 

THM81000S/L-10 

- 

480 

THM81000S/L-12 

- 

400 

PCC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=cas=v ih ) 

- 

16 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjh: tRC=t R c MIN.) 

THM81000S/L-85 

- 

560 

mA 

3 

o 

i—i 

i 

►-1 

CO 

o 

o 

o 

1—1 
2 

H 

- 

480 

THM81000S/L-12 

- 

400 

PCC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vxl, CAS Address Cycling: tpc=tpc MIN.) 

THM81000S/L-85 


400 

mA 

3, 4 

THM81000S/L-10 


320 

THM81000S/L-12 

_ 

240 

PCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 


8 

mA 


X CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t R Q=t R c MIN.) 

TKM81000S/L-85 

- 

560 

mA 

3 

THM81000S/L-10 

- 

480 

THM81000S/L-12 

- 

400 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < Vjn ^6.5V, All Other Pins not under Test=0V) 

-80 

80 

UA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, 0V gVoUT ^5.5V) 

-20 

20 

mA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (l0UT =- 5mA) 

2.4 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (lOUT=4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

THM81000S/L-85 

THM81000 S/L -10 

THM81000S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time 
referenced to RAS 

0 

D 

0 

n 

0 

■ 

ns 

10 

t WCH 

Write Command Hold Time 

20 

- 

20 

- 

25 

_ 1 

ns 


t WCR 

Write Command Hold Time 

referenced to RAS 

65 


75 


90 

D 

ns 

■ 

t WP 

Write Command Pulse Width 

20 


20 

■ 

25 

■ 

ns 

■ I 


t RWL 

Write Command to RAS Lead 
Time 

20 


25 

t CWL 

Write Command to CAS Lead 
Time 

20 

- 

25 

tpS 

Data Set-Up Time 

0 

- 

0 

t DH 

Data Hold Time 

20 

- 

20 

t DHR 

Data Hold Time referenced to 
RAS 

65 

- 

75 

t REF 

Referesh Period 

- 

8 

- 

fc WCS 

Write Command Set-Up Time 

0 

- 

0 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

- 

10 

t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 


- 

30 

tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

t CPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

50 

■ 

50 

tCPN 

CAS Precharge Time 

15 

- 

15 




CAPACITANCE (V CC =5V±10%, f=!MHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A9, W, CAS, RAS) 

- 

60 

pF 

CDQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. IcCl* I CC3» I CC4» X CC6 depend on cycle rate. 

4. Icci’ ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tT=5ns. 

7. Vjjj(min.) and Vp^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between and Vp^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFpCmax.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t R £ R or t RRR must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t^cs xtyQg(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the t R £j)(max.) limit insures that t^QCmax.) can be met. 
tRcoCmax.) is specified as a reference point only: If t R Q) is greater than 
the specified t R Qp(max.) limit, then access time is controlled by t^^. 

14. Operation within the tj^pjCmax.) limit insures that t^cCmax.) can be met. 

t RAD(max.) is specified as a reference point only: If tj^p is greater than the 
specified tp^Cmax.) limit, then access time is controlled by t^. 


- 046 - 
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READ CYCLE 


RAS 


V IH - 

V IL — 


CAS 



IH 

Yil 


WRITE 



d OUT 
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RAS ONLY REFRESH CYCLE 


WRITE 1 














HIDDEN REFRESH CYCLE (READ 


053 
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TOSHIBA NIOS MEMORY PRODUCTS 

THM81001S/L-85, 10, 12 


DESCRIPTION 


The THM81001S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511001J on the printed circuit board. 

The THM81001S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

1 features! 


• 1,048,576 words by 8 bits organization 

• Fast access time 



THM81001S/L-85 

THM81001S/L-10 

THM31001S/L-12 

C RAC 

RAS Access Time 

85ns 

100ns 

120ns 

C AA 

Column Address Access Time 

45ns 

50ns 

60ns 

tCAC 

CAS Access Time 

30ns 

35ns 

40ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tNCAC 

Nibble Mode Access Time 

20ns 

20ns 

25ns 

*NC 

Nibble Mode Cycle Time 

40ns 

40ns 

50ns 


• Single power supply of 5V±10% • All inputs and outputs TTL compatible 

• Low power • 512 refresh cycles/8ms 

3,080mW MAX. Operating (THM81001S/L-85) 

2,640mW MAX. Operating (THM81001S/L-10) 

2,200mW MAX. Operating (THM81001S/L-12) 

44mW MAX. Standby 

• CAS before RAS refresh, RAS only refi'esh. 

Hidden refresh, and Nibble Mode capability. 


PIN CONNECTION] 


(TOP VIEW) 


CAS ( 2) 
DQO ( 3) 
AO ( 4) 
A1 C 5) 
DQ1 ( 6) 
A2 ( 7) 
A3 ( 8) 
VSS ( 9) 
DQ2 (10) 
A4 (11) 
A5 (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
N.C. (19) 
DQ5 (2 0) 
W (21) 
VSS (2 2) 
DQ6 (2 3) 
N.C. (2 4) 
DQ7 (2 5) 
N.C. (2 6) 
(2 7) 
N.C. (28) 
N.C. (2 9) 
VCC (30) 



I PIN names! 

A0 ^ A9 

Address Inputs 

DQO ^ DQ7 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

v cc 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 
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RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc =t RC MIN*) 

THM81001S/L-85 

- 



3, 4 

TEM81001S/L-10 

- 


THM81001S/L-12 

- 

mBi 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

■ 

16 

mA 

■ 

X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih: tRC=tRC MIN.) 

THM810P1S/L-85 

- 




THM81001S/L-10 

- 

480 

THM81001S/L-12 

- 

400 

I CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=Vjl» CAS Cycling: tRc =t NC MIN.) 

THM81001S/L-85 

- 

EES 

mA 

3, 4 

THM81001S/L-10 

- 

320 

THM81001S/L-12 

- 

240 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0.2V) 

■ 

8 

mA 

■ 

I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tRc=tRC MIN.) 

THM81001S/L-85 

- 


mA 

■ 

TKM81001S/L-10 

- 

480 

TKM81001S/L-12 

- 

400 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV S Vipj = 6.5V, All Other Pins not under Test=0V) 

-80 

80 

pA 

■ 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(I>OUT is disabled, OV = v 0UT = 5.5V) 

-20 

20 

pA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = ~5mA) 

2.4 


V 

■ 

V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (IOUT=4.2mA) 

- 

0.4 

V 

■ 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 



PARAMETER 


C WCH 

Write Command Hold Time 

20 

- 

20 

twCR 

Write Command Hold Time 

referenced to RAS 

65 

| 

75 

C WP 

Write Command Pulse Width 

20 


20 

t RWL 

Write Command to RAS Lead 
Time 

20 

■ 

25 

fc CWL 

Write Command to CAS Lead 
Time 

20 


25 

C DS 

Data-In Set-Up Time 

0 

- 

0 

t DH 

Data-In Hold Time 

20 

- 

ESI 

tDHR 

Data-In Hold Time referenced 
to RAS 

65 

- 

n 

t REF 

Refresh Period 

- 

8 


fc wcs 

Write Command Set-Up Time 

0 

- 

0 

t CSR 

CAS Set-Up Time 
(CAS before RAS) 

10 

1 


tCHR 

CAS Hold Time 
(CAS" before RAS) 

30 


30 

c RPC 

RAS Precharge to CAS Active 
Time 

0 


0 

tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test) 

50 

B 

50 

tNCAS 

Nibble Mode Pulse Width 

20 


20 

tNCP 

Nibble Mode CAS Precharge 
Time 

10 

■ 

10 

t NRSH 

Nibble Mode RAS Hold Time 

20 


20 

t-NRWL 

Nibble Mode WRITE Command to 

RAS Lead Time 

■ 

■ 

1 | 

c NCWL 

Nibble Mode WRITE Command to 
CAS Lead Time 

n 

■ 

20 





CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0 vA9, W, CAS, RAS) 

- 

60 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. ^CCI* *CC3’ I CC4’ ^006 depend on c Y c l e rate - 

4. IcCl’ I CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vpii(min.) and Vqp/max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between ViH and ViL. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tgpF(MAX.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tpgp or tpp v R must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t W gg=tygg(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tRgp(max.) limit insures that tp^g(max.) can be met. 
tRCD( max -) is specified as a reference point only: If tRgp is greater than 
the specified tRgp(max.) limit, then access time is controlled by tg^g. 

14. Operation within the tRAp(max.) limit insures that tRAc( max ") can be met. 

t rap( max.) is specified as a reference point only: If tR^p is greater than the 
specified tR^p(max.) limit, then access time is controlled by t^. 
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READ CYCLE 
































NIBBLE MODE WRITE CYCLE (EARLY WRITE) 
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RAS" ONLY REFRESH CYCLE 



v OH - 

Dqut ' OPEN 

v OL 



"H" or "L" 


NOTE: WRITE=”K" or "L", A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 
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8 2.14 ± Q13 


I 
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THM81001L 
































THM81001S/L-83, 10, 12 



TOSHIBA MOS MEMORY PRODUCTS 

THM81002S/L-85, 10, 12 


IDESCRIPTION [ 

The TKM81002S/L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 8 
pcs of TC511002J on the printed circuit board. 

The THM81002S/L is optimized for application to the systems which are required high 
density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

[features! 


• 1,048,576 words by 8 bits organization 

• Fast access time 



THM81002S/L-85 

THM81002S/L-10 

THM81002S/L-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

C AA 

Column Address Access Time 

45ns 

50ns 

60ns 

tCAC 

CS" Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 


Static Column Mode Cycle Time 

50ns 

55ns 

65ns 


• Single power supply of 5V±10% 

• Low power 3,080mW MAX. Operating (THM81002S/L—85) 

2,640mW MAX. Operating (THM81002S/L-10) 

2,200mW MAX. Operating (THM81002S/L-12) 

44mW MAX. Standby 

• CS before RAS refresh, RAS only refresh. Hidden refresh, and Static Column Mode 

capability. 

• All Inputs and Outputs TTL Compatible 

• 512 refresh cycles/8ms 


[pin connection! 

(TOP VIEW) 


vcc 

(1) 

OT 

C3 

(2) 

□ 

DQ,0 

(3) 

a 

A0 

(4) 

□ 

A1 

(5) 

□ 

DQ1 

(6) 

o 

A2 

(7) 

o 

A3 

(8) 

a 

VSS 

(9) 

0 

DQ,2 

(10) 

□ 

A4 

(11) 

□ 

A5 

(12) 

□ 

DQ,3 

(13) 

□ 

A6 

(14) 

□ 

A7 

(15) 

□ 

DQ.4 

(16) 

a 

A8 

(17) 

□ 

A9 

(18) 

□ 

N.C. 

(19) 

□ 

DQ.5 

(20) 

□ 

W 

(21) 

□ 

VSS 

(22) 

□ 

DQ,6 

(23) 

a 

N.C. 

(24) 

□ 

EQ,7 

(25) 

0 

N.C. 

(26) 

□ 

HAS' 

(27) 

□ 

N.C. 

(28) 

n 

N.C. 

(29) 

a 

VCC 

(30) 

□ 


o 


o 


PIN names! 

A0 ^ A9 

Address Inputs 

DQ0 ^ DQ7 

Data Input/Outputs 

CS 

Chip Select Input 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 


— C-73 — 































THM810Q2S/L-85, 10, 12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

rating 

UNITS 

NOTES 

Input Voltage 

V IN 

-1.0 % 7.0 

V 

1 

Output Voltage 

v OUT 

-1.0 0,7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0 -v7.0 

V 

1 

Operating Temperature 

T OPR 

0 o,70 

°C 

1 

Storage Temperature 

t stg 

-55 o,125 

°C 

1 

Soldering Temperature • Time 

T SOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

?D 

4.8 

W 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta-0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

X CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tRc =t RC MIN.) 

THM81002S/L-9C 

- 

560 

mA 

3, 4 

THM81002S/L- 10 

- 

480 

THM81002S/L-12 

- 

400 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V IH ) 

- 

16 

mA 


X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vih: tRC = tj>c MIN.) 

THM81002S/L-8 5 

- 

560 

mA 

3 

THM81002S/L-10 

- 

480 

THM 81002 S/L-12 

_ 

400 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=Vih, Address Cycling: tsc = tSC MIN.) 

THM81002S/L-85 

- 

400 

mA 

3, 4 

THM81002S/L-10 

- 

320 

THM81002S/L-12 

- 

240 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=Vqc~0.2V) 

- 

8 

mA 


X CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS Mode 
(RAS, ClS Cycling: tpc=tj>c MIN.) 

THM81002S/L-85 

- 

560 

mA 

3 

THM81002S/L- 10 

- 

480 

THM81002S/L-12 

- 

400 

X I (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV =VpN =6.5V, All Other Pins not under Test=OV) 

-80 

80 

yA 


T 0(L) 

OUTPUT LEAKAGE CURRENT 

(DquT Xs disabled, OV =VouT =5.5V) 

-20 

20 

pA 


V 01I 

OUTPUT LEVEL 

Output "H" Level Voltage (IouT =- 5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage ( x 0UT=4.2mA) 

- 

0.4 

V 
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PARAMETER 


Random Read or Write Cycle 
Time 


Static Column Mode Cycle Time 


Access Time from RAS 


Access Time from CS 


Access Time from Column 
Address 


CS to Output in Low-Z 


Output Buffer Turn-off Delay 


Output Data Hold Time from 
Column Address 

Output Data Enable Time from 
WRITE 


Output Data Hold Time from 
WRITE 


Transition Time 
(Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width 
(Static Column Mode) 


CS to RAS Hold Time 


RAS to CS Hold Time 


CS Pulse Width 


CS Pulse Width 
(Static Column Mode) 


RAS to CS Delay Time 


RAS to Column Address Delay 
Time 


CS to RAS Precharge Time 


CS Precharge Time 
(Static Column Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


JColumn Address Set-Up Time 
Column Address Hold Time 


Write Address Hold Time 
referenced to RAS 


THM81002S/L-85 | THM81002S/L-10 | THM81002S/L-12 


MIN.I MAX. |MIN. MAX. 



120 ns 8,13 


ns 8,13 


ns 8,14 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

THM81002 s/L-85 

THM81002S/L-10 

THM81O02S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

C AR 

Column Address Hold Time 
referenced to RAS 

100 

- 

115 

- 

140 

- 

ns 


C RAL 

Column Address to RAS Lead 
Time 

45 

- 

50 

- 

60 

- 

ns 


“"AH 

Column Address Hold Time 
referenced to RAS Rise 

10 

- 

10 

- 

15 

- 

ns 

16 

t CWL 

Write Command to CS Lead 

Time 

20 

- 

25 

- 

30 

- 

ns 


t RCS 

Read Command Set-Up Time 
referenced to CS 

0 

- 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 
referenced to CS 

0 

- 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

t WH 

Write Command Hold Time 
(Output Data Disable) 

0 

- 

0 

- 

0 

- 

ns 

12 

t WCR 

Write Command Hold Time 
referenced to RAS 

65 

- 

75 

- 

90 

- 

ns 


tl-JP 

Write Command Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


fc WI 

Write Command Inactive Time 

10 

- 

10 

- 

15 


ns 


t RWL 

Write Command to RAS Lead 
Time 

20 

- 

25 

- 

30 

- 

ns 


fc DS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

t DH 

Data-In Hold Time 

20 

- 

20 

- 

25 

- 

ns 

11 

tDHR 

Data-In Hold Time referenced 
to RAS 

65 

- 

75 

- 

90 

- 

ns 


t REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


C WS 

Write Command Set-Up Time 
(Output Data Disable) 

0 

- 

0 

- 

0 

- 

ns 

12 

tCSR 

CS Set-Up Time 
(CS before RAS) 

10 

- 

10 

- 

10 

- 

ns 


t CHR 

CS Hold Time(CS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


tRPC 

RAS Precharge to CS Active 
Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CS Precharge Time 

(CS before RAS Counter Test) 

50 

- 

50 

- 

60 

- 

ns 


c CPN 

CS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta 

=0^ 70 c 

C) 









SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 



C I1 

Input Capacitance (A0^A9, W 

, CS, RAS) 


- 

60 

pF 



C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to VgS* 

3- ICCI* I CC3 > I CC4» I CC6 depend on cycle rate. 

4. IcCl> IcC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CS before RAS initialization cycles instead of 
8 RAS cycles are required. 

6. AC measurements assume t-p=5ns. 

7. Vj|j(min.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjp and V^p. 

8. Measured with a load equivalent to 2 TTL loads and 100pF. 

9. tgpp(max.) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tpcjj or tppy must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge. 

12. tyg, typ are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tyg=tyg(min.) and typ=typ 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) throughout the entire cycles. 

13. Operation within the t^gj)(max.) limit insures that t^g(max.) can be met. 
tRCD(ni ax .) is specified as a reference point only: If tp^p is greater than the 
specified tpQp(max.) limit, then access time is controlled by tg^g. 

14. Operation within the tpAp(max.) limit insures that tpAc(max.) can be met. 
tRAp(max.) is specified as a reference point only: If tp^D is greater than the 
specified tp^p(max.) limit, then access time is controlled exclusively by t^. 

15. t^p is the condition to latch column address when RAS has rised up. 
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THM81002S/L-85, 


STATIC COLUMN MODE READ CYCLE 


data 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



d out 


v OH - 

V 0 L —' 


OPEN 


m> 


’H" or "V 
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WRITE 



HIDDEN REFRESH CYCLE (WRITE) 
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TOSHIBA MOS MEMORY PRODUCTS 

THM81020L-85, 10, 12 


description] 

The THM81020L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511000J both sides of the printed circuit board. 

The THM81020L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

[FEATURES] 

• 1,048,576 words by 8 bits organization 

• Fast access time 



THM81020L-85 

THM81020L-10 

THM81020L-12 

t RAC 

RAS Access Time 

85ns 

100ns 

120ns 

tAA 

Column Address Access Time 

45ns 

50ns 

60ns 

t CAC 

CAS Access Time 

25ns 

25ns 

30ns 

fc RC 

Cycle Time 

165ns 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V±10% 

• Low power 3,080mW MAX. Operating (THM81020L-85) 

2,640mW MAX. Operating (THM81020L-10) 

2,200mW MAX. Operating (THM81020L-12) 

44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


PIN CONNECTION] 
(TOP VIEW) 


VCC (Ij 
CAF (2) 
DQO (3) 
AO (4) 
A1 (5) 
DQ1 (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2(10) 
A4(ll) 
A5(12) 
EQ3(13) 
A6(14) 
A7(15) 
DQ4(16) 
A8 (17) 
A9(18) 
N.C. (19) 
DQ5(20) 
W (21) 
VSS(22) 
DQ6(23) 
N.C. ( 24) 
DQ7(25) 
N.C. (26) 
HAS(27) 
N.C. (28) 
N.C. (29) 
VCC(30) 




[PIN NAMES| 

A0 ^ A9 

Address Inputs 

DQO v, DQ7 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1.0'V. 7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 ^7.0 

V 

1 

Power Supply Voltage 

V CC 

-1.0 % 7.0 

V 

1 

Operating Temperature 

topr 

o 

<? 

o 

°c 

1 

Storage Temperature 

t stg 

-55 a, 125 

°c 

1 

Soldering Temperature • Time 

t solder 

260 * 10 

°C • sec 

1 

Power Dissipation 

Pd 

4.8 

W 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 


6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATINC CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc=tpQ MIN.) 

THM81020L-85 

- 

560 

mA 

3,4 

THM81020L-10 

- 

480 

THM81020L-12 

- 

400 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

- 

16 

mA 


X CC3 

RAS ONLY REFRESH CURRENT 

THM81020L-85 

- 

560 

mA 

3 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjh: tpc = tRC MIN.) 

THM81020L-10 

- 

480 

THM81020L-12 

- 

400 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vil> CAS Address Cycling: tpc=tpc MIN.) 

THM81020L-85 

- 

400 

mA 

3,4 

THM81020L-10 

- 

320 

THM81020L-12 

- 

240 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc-0.2V) 

- 

8 

mA 


X CC6 

CAS BEFORE RAS REFRESH CURRENT_ _ 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, CAS Cycling: tpc=tpc MIN.) 

THM81020L-85 

- 

560 

mA 

3 

THM81020L-10 

- 

480 

THM81020L-12 

- 

400 

X I (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V= Vjn= 6•5V, All Other Pins not under Test=0V) 

-80 

80 

UA 


T 0(L) 

OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, 0V^ VoUT - 5.5V) 

-20 

20 

PA 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (IOUT =- 5mA) 

2.4 

- 

V 


v OL 

OUTPUT LEVEL 

Output "L" Level Voltage (lQUT = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc =5v±10% » Ta=0^70°C) (Notes 5, 6, 7) 


THM81020L-85 THM81020L-10 THM81020L-12 


MIN. MAX. MIN. MAX. MIN. 


SYMBOL 

PARAMETER 

t RC 

Random Read or Write Cycle 

Time 

tpc 

Fast Page Mode Cycle Time 

fc RAC 

Access Time from RAS 

tCAC 

Access Time from CAS 

t AA 

Access Time from Column 

Address 

c CPA 

Access Time from CAS 

Precharge 

tCLZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-off Delay 

t T 

Transition Time 
(Rise and Fall) 

wm 

RAS Precharge Time 

Z RAS 

RAS Pulse Width 

fc RASP 

RAS Pulse Width 
(Fast Page Mode) 

tRSH 

RAS Hold Time 

tCSH 

CAS Hold Time 

t CAS 

CAS Pulse Width 

t RCD 

RAS to CAS Delay Time 

t RAD 

RAS to Column Address Delay 
Time 

tCRP 

CAS to RAS Precharge Time 

t CP 

CAS Precharge Time 
(Fast Page Mode) 

tASR 

Row Address Set-Up Time 

tRAH 

Row Address Hold Time 

t ASC 

Column Address Set-Up Time 

t CAH 

Column Address Hold Time 

C AR 

Column Address Hold Time 
referenced to RAS 

t RAL 

Column Address to RAS Lead 
Time 

tRCS 

Read Command Set-Up Time 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



PARAMETER 


t RCH Read Command Hold Time 


Read Command Hold Time 
referenced to RAS 


tycH Write Command Hold Time 


Write Command Hold Time 
WCR referenced to RAS 


Write Command Pulse Width 


Write Command to RAS Lead 
Time 


Write Command to CAS Lead 
Time 


Data Set-Up Time 
Data Hold Time 

Data Hold Time referenced to 
DHR RAS 


tREF Refresh Period 


t WCS |Write Command Set-Up Time 


CAS Set-Up Time 
(CAS before RAS Cycle) 


CAS Hold Time 

(CAS before RAS Cycle) 


tRPC RAS to CAS Precharge Time 


CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 


tcPN CAS Precharge Time 


THM81020L-85 THM81020L-10 THM81020L-12 


MIN. MAX. MIN. MAX. MIN. MAX. 




CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0 r oA9, W, CAS, RAS) 

- 

60 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 
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READ CYCLE 


t 0 FF 


VALID DATA 


! 

t RCS 


t RRH 

TV — 

1 
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EARLY 


RAS 


CAS 


AO ~A9 


WRITE 


Din 


DqUT 


WRITE CYCLE 



V OH — 

- OPEN 

v OL - 


"H" 


"L" 
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FAST PAGE MODE READ CYCLE 




























095 — 













WRITE 1 














HI DDEN REF RESH CYCLE (READ: 


— 09 


_ Vih — 

RAS 

VlL — 


_ V IH 

WRITE 

VlL “ 


V 0H - 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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2.64M AX. 



OUTLINE DRAWINGS 


THM81020L 


Unit in mm 


THE FRONT SIDE 


THE BACK SIDE 
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TOSHIBA MOS MEMORY PRODUCT 

THM81021L-85, 10, 12 

iDESCRIPTIOWl 

The THM81021L is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511001J on both sides of the printed circuit board. 

The THM81021L is optimized for application to the systems which are required high 
density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

| FEATURESl 

• 1,048,576 words by 8 bits organization 

• Fast access time 


c RAC RAS Access Time 


t AA Column Address Access Time 


t CAC CAS Access Time 


t RC Cycle Time 


t NCAC Nibble Mode Access Time 


c NC Nibble Mode Cycle Time 


THM81021L-85 

THM81021L-10 

THM81021L-12 

85ns 

100ns 

120ns 

45ns 

50ns 

60ns 

30ns 

35ns 

40ns 

165ns 

190ns 

220ns 

! 20ns 

20ns 

25ns 

j 40ns 

40ns 

50ns 


S befor 
id den 
apabili 

1 input 

2 refre 
.64mm M 




A0 ^ A9 

Address Inputs 

DQ0 ^ DQ7 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

K 

Read/Write Input 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 
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ITEM 

SYMBOL 

Input Voltage 

V IN 

Output Voltage 

VOUT 

Power Supply Voltage 

v C c 

Operating Temperature 

T OPR 

Storage Temperature 

t STG 

Soldering Temperature • Time 

T SOLDER 

Power Dissipation 

Pd 

Short Circuit Output Current 

Pout 


rating 

UNITS 

NOTES 

-l'W.O 

V 

1 

-1 v 7.0 

V 

1 

-1^ 7.0 

V 

1 

0 v 70 

°C 

1 

-55 •u 125 

°C 

1 

260 • 10 

°C* sec 

1 

5.4 

W 

1 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

mm 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c=5V±10%, Ta=0%70°C) 


SYMBOL 

PARAMETER 

MIN. 


UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS~, CAS, Address Cycling: t RC =t RC MIN.) 

THM81021L-85 

- 

560 

mA 

3, 4 

THM81021L-10 

- 

480 

THM81021L-12 

- 

400 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS= V IH) 

■ 

16 

B 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=ViH : tRC =t RC MIN.) 

THM81021L-85 

- 

560 


3 

THM81021L-10 

- 

480 

THM81021L-12 

- 


X CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V IL , CAS Cycling: tpjc =t NC MIN.) 

THM81021L-85 

- 

EEEI 

mA 

3, 4 

THM81021L-10 

- 

320 

THM81021L-12 

- 

240 

PCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

■ 

■ 

Q 


X CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t RC =t RC MIN.) 

THM81021L-85 

- 

ill 

m 

3 

THM81021L-10 

- 

480 

THM81021L-12 

_ 

400 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V g V IN ^ 6.5V, All Other Pins not under Test=0V) 

-80 

80 

VA 

B 

X 0 (L) 

OUTPUT LEAKAGE CURRENT 

(Dqut i s disabled, 0V4 VquT= 5.5V) 

-20 

20 

pA 

■ 

v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =- 5mA) 

2.4 

- 

V 

1 

V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (I 0UT =4.2mA) 

- 

0.4 

V 

■ 
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PARAMETER 


fc RC 

Random Read or Write Cycle Time 

t NC 

Nibble Mode Cycle Time 

fc RAC 

Access Time from RAS 

t CAC 

Access Time from CAS 

t AA 

Access Time from Column Address 

t NCAC 

Nibble Mode Access Time 

t CLZ 

CAS to Output in Low-Z 

t OFF 

Output Buffer Turn-Off Delay 

t T 

Transition Time (Rise and Fall) 

tRP 

RAS Precbarge Time 

t RAS 

RAS Pulse Width 

t RSH 

RAS Hold Time 

t CSH 

CAS Hold Time 

c CAS 

CAS Pulse Width 

t RCD 

RAS to CAS Delay Time 

tRAD 

RAS to Column Address Delay Time 

mm 

CAS to RAS Precharge Time 


CAS Precharge Time 

t ASR 

Row Address Set-Up Time 

t RAH 

Row Address Hold Time 

tASC 

Column Address Set-Up Time 

t CAH 

Column Address Hold Time 

t AR 

Column Address Hold Time 
referenced to RAS 

t RAL 

Column Address to RAS Lead Time 

t RCS 

R.ead Command Set-Up Time 

t RCH 

Read Command Hold Time 
referenced to CAS 

t RRH 

Read Command Hold Time 
referenced to RAS 

t WCH 

Write Command Hold Time 

fc WCR 

Write Command Hold Time 
referenced to RAS 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 



PARAMETER 


Write Command Pulse Wisth 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data-In Set-Up Time 


Data-In Hold Time 


Data-In Hold Time referenced 
to RAS 


THM81021L-85 THM81021L-10 THM81021L-12 


C REF 

Refresh Period 

- 

C wcs 

Write Command Set-Up Time 

0 

t CSR 

CAS Set-Up Time 
(CAS before RAS) 

10 

t CHR 

CAS Hold Time (CAS before RAS) 

30 

c RPC 

RAS Precharge to CAS Active 

Time 

0 

c CPT 

CAS Precharge Time 

(CAS before RAS Counter Test) 

50 

c NCAS 

Nibble Mode Pulse Width 

20 

t NCP 

Nibble Mode CAS Precharge Time 

10 

C NRSH 

Nibble Mode RAS Hold Time 

20 

C NRWL 

Nibble Mode WRITE Command to 

RAS Lead Time 

20 

c NCWL 

Nibble Mode WRITE Command to 

CAS Lead Time 

20 




CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0 , vA9, W, CAS, RAS) 

- 

60 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 
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THM81021L-85, 10, 12 




NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device, 

2. All voltage are referenced to Vgg. 

3. IcCl> I CC3> I CC4 > I CC6 depend on cycle rate. 

4. Icci> lcC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx = 5ns. 

7. VxH(min.) and VjL(max.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^pp or t^pp: must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If tyQggtyQg(min.), the cycle is an 
early write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tpcp(max.) limit insures that t^Q(max.) can be met. 
t RCD (max.) is specified as a reference point only: If tpQp is greater than 
the specified t R ^p ( max .) limit, then access time is controlled by t^Q. 

14. Operation within the tp^p(max.) limit insures that t^^Cmax.) can be met. 
tRAp(max.) is specified as a reference point only: If t^Ap is greater than 
the specified t^AJ)( max *) limit, then access time is controlled by t 
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COLUMN 


VALID DATA 


1 

t-RP 

1 

tRAS , 




t-RCS 

' 



RAL 
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RAS ONLY REFRESH CYCLE 



NOTE: WRITE="H" or "L", A9="H" or "L" 
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COLUMN 


WRITE 


VALID DATA 



l CAH 

1 

_ 
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OSHIBA MOS MEMORY PRODUCTS 

THM81022L-85, 10, 12 

IDESCRIPTIOnI 

The THM81022 is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511002J on both sides of the printed circuit board. 

The THM81022 is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


1,048,576 words by 8 bits organization 
Fast access time 


t RAC RAS Access Time 


C AA Column Address Access Time 


t CAC CS Access Time 


tRC Cycle Time 


tsc Static Column Mode Cycle Time 


Single power supply of 5V±10% 

Low power 

3,080mW MAX. Operating(THM81022L-85) 
2,640mW MAX. Operating(THM81022L-10) 
2,200mW MAX. Operating(THM81022L-12) 
44mW MAX. Standby 


THM81022L-85 

THM81022L-10 

THM81022L-12 

85ns 

100ns 

120ns 

45ns 

50ns 

60ns 

25ns 

25ns 

30ns 

165ns 

190ns 

220ns 

50ns 

55ns 

65ns 


I PIN CONNECTION! 

(TOP VIEW) 


VCC (1) 
Off (2) 
DQO (3) 
AO (4) 
A1 (5) 
DQ1 (6) 
A2 (7) 
A3 (8) 
VSS (9) 
DQ2 (10) 
A4 (11) 
A5(12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
A9 (18) 
N.C.(19) 
DQ5 (20) 
W (21) 
VSS (22) 
DQ6 (23) 
N.C. (24) 
DQ7 (25) 
N.C.(26) 
RAS (27) 
N.C.(28) 
N.C. (29) 
VCC (30) 


PIN NAMES 


A0 ^ A9 

Address Inputs 

DQO ^ DQ7 

Data Input/Outputs 

CS 

Chip Select Input 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

V CC 

Power (+5V) 

v ss 

Ground 

N.C. 

No Connection 
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ITEM 

SYMBOL 

Input Voltage 

V IN 

Output Voltage 

v OUT 

Power Supply Voltage 

V CC 

Operating Temperature 

ToPR 

Storage Temperature 

TsTG 

Soldering Temperature . Time 


Power Dissipation 


Short Circuit Output Current 

Tout 


RATING 



-1 % 7 


O'v 70 


-55 ^125 


260 • 10 


5. 


50 



RECOMMENDED-DC OPERATING CONDITIONS (Ta=0'W0°C) 


TYP. 


symbol 

PARAMETER 

MIN. 

Vec 

Supply Voltage 

4.5 

EC 

M 

> 

Input High Voltage 

2.4 

VlL 

Input Low Voltage 

-1.0 


UNITS 


V 


V 


V 


°C 


°C 


5 C • sec 


W 


mA 



NOTES 


1 


1 


1 


1 



DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 





TCCI 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: tpc=tpc MIN.) 

THM81022L-85 

- 

560 


3,4 

THM81022L-10 

- 


THM81022L-12 

- 

400 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=Vih) 

■ 

16 

mA 

■ 

TCC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vik: tRC = tRC MIN.) 

THM81022L-85 

- 


mA 

■ 

THM81022L—10 

- 

480 

THM81022L-12 

- 

400 

TCC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=Vp H , Address Cycleing: t sc =t sc MIN.) 

THM81022L-85 

- 

400 

mA 

3,4 

THM81022L-10 

- 

320 

THM81022L-12 

- 

240 

TCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V CC -0.2V) 

■ 

8 

mA 

■ 

TCC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: MIN.) 

THM81022L-85 


560 

mA 

3 

THM81022L-10 

- 

480 

THM81022L-12 

- 


X I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV1 Vj^L 6.5V, All Other Pins not under Test=OV) 

-80 

80 

yA 


X 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut Ts disabled, OVSVqut - 5•5V) 

-20 

20 

yA 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =_ 5mA) 

m 

- 

V 

u 

V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = ^*2mA) 

- 

0.4 

V 

u 
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THM81022L-85, 10, 12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5 V±10 %, Ta=0 'V' 70°C) (Notes 


THM81022L-85 THM81022L-10 THM81022L-12 


5, 6, 7) 


SYMBOL 


PARAMETER 


MIN. MAX. 


t RC I Random Read or Write Cycle Time 165 


Static Column Mode Cycle Time 50 


c RAC Access Time from RAS 


t-cAC Access Time from CS 


C AA Accsss Time from Column Address 


CS to Output in Low-Z 


Output Buffer Turn-Off Delay 


Output Data Hold Time from 
Column Address 


Output Data Enable Time from 
WRITE 


Output Data Hold Time from 
WRITE 


Transition Time (Rise and Fall) 


RAS Precharge Time 


tRAS RAS Pulse Width 


t RAS Pulse Width 

^ (Static Column Mode) 


t RSH CS to RAS Hold Time 


t CSH RAS to CS Hold Time 


t CS CS Pulse Width 


CS Pulse Width 
(Static Column Mode) 


c RCD RAS to CS Delay Time 


t RAD RAS to Column Address Delay Time 


t CRP | CS to RAS Precharge Time 


CS Precharge Time 
(Static Column Mode) 


^-ASR Row Address Set-Up Time 


'-RAH Row Address Hold Time 


t ASC Column Address Set-Up Time 


t CAH Column Address Hold Time 


Write Address Hold Time 
referenced to RAS 


Column Address Hold Time 
referenced to RAS 


tRAL Column Address to RAS Lead Time 



25 100,000 25 100,000 30 100,000 

























































































































































































ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


THM81022L-85 THM81022L-10 THM81022L-12 


MAX. MIN. MAX. MIN. MAX. 


SYMBOL 

PARAMETER 

C AH 

Column Address Hold Time 

referenced to RAS Rise 

C CWL 

Write Command to CS Lead Time 

C RCS 

Read Command Set-Up Time 
referenced to CS 

~RCH 

Read Command Hold Time 

referenced to CS 

t RRH 

Read Command Hold Time 

referenced to RAS 

C WH 

Write Command Hold Time 
(Output Data Disable) 

C WCR 

Write Command Hold Time 
referenced to RAS 

C WP 

Write Command Pulse Width 

fc WI 

Write Command Inactive Time 

C RWL 

Write Command to RAS Lead Time 

C DS 

Data-In Set-Up Time 

t DH 

Data-In Hold Time 

t DHR 

Data-In Hold Time referenced 

to RAS 

t REF 

Refresh Period 

C WS 

Write Command Set-Up Time 
(Output Data Disable) 

tCSR 

CS Set-Up Time (CS before RAS) 

tCHR 

CS Hold Time (CS before RAS) 

tRPC 

RAS Precharge to CS Active 

Time 

tCPT 

CS Precharge Time 

(CS before RAS Counter Test) 

c CPN 

CS Precharge Time 



CAPACITANCE (V CC =5V±1Q%, f-lMHz, Ta=0^7Q°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (AO^A9, W, CS, RAS) 

- 

60 

pF 

C DQ 

I/O Capacitance (DpO^DQ?) 

- 

15 

pF 
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THM81022L-85, 10, 12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cuase 
permanent damage to the device. 

2. All voltage are referenced to Vgg. 

3. led* I CC3> I CC4» I CC6 depend on cycle rate. 

4. Icci> •'-CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CS before RAS initialization cycles instead of 
8 RAS cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vjjj(min.) and Vpp(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjp and Vpp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tp^p or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge. 

12. tyg, typ are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tyg = tyg(min.) and typ = typ 
(min.), the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) throughout the entire cycles. 

13. Operation within the tpcp(max.) limit insures that tp^^max.) can be met. 
tRCD( max O is specified as a reference point only: If tpQp is greater than the 
specified tpcp(max.) limit, then access time is controlled by t^-.. 

14. Operation within the tp^p(max.) limit insures that tp^Q(max.) can be ment. 
tRAD( max *) is specified as a reference point only: If tp^p is greater than the 
specified tp^p(max.) limit, then access time is controlled exclusively by t^. 

15. t^p is the condition to latch column address when RAS has rised up. 
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TOSHIBA MOS MEMORY PRODUCTS 

THM91000S/L-85, 10, 12 


[DESCRIPTION ! 

The THM91000S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000J on the printed circuit board. 

The THM91000S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

[features] 


• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91000S/L-85 

THM91000S/L-10 

THM91000S/L-12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access Time 

45ns 

50ns 

60ns 

C CAC 

CAS Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tpc 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


■ Single power supply of 5V±10% 

• Low power 3,465mW MAX. Operating (THM91000S/L-85) 

2,97OmW MAX. Operating (THM91000S/L-10) 

2,475mW MAX. Operating (THM91000S/L-12) 

49.5mW MAX. Standby 

• CAS’ before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


I PIN connection! 

(TOP VIEW) 



|pIN NAMES 


A0 A9 

Address Inputs 

DQ0 ^DQ7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

CAS 8 

Column Address Strobe 

V CC 

Power (+5V) 

v S s 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1.0^ 7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 ^ 7.0 

V 

1 

Power Supply Voltage 

V CC 

-1.0 ^ 7.0 

V 

1 

Operating Temperature 

t 0PR 

0 'v 70 

°C 

1 

Storage Temperature 

tstg 

-55 ^125 

°C 

1 

Soldering Temperature • Time 


2G0 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

5.4 

W 

1 

Short Circuit Output Current 

IQUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0 %70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 



■■ 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

■ ■ 

Input High Voltage 

2.4 


6.5 


2 

KSM 

Input Low Voltage 

-1.0 


0.8 


2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t RC=tRc MIN.) 

7HM910C0S/ L-Bc 

- 

630 

mA | 3, 4 

THlvl9 lOOOS/'L- i O 

- 

540 

THlw91000 S/'L- it 

- 

450 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

- 

18 

mA 


X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 

THM91000S/L-S5 

- 

630 

mA 

3 

THM91000 S/L-10 

- 

540 

(RAS Cycling, CAS=Vjp: tp v Q=tpc MIN.) 

THM91000S/L-12 

- 

450 

I CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=VxLj CAS Address Cycling: tpc=tpc MIN.) 

THM91000S/L-B5 

- 

450 

mA 

3, 4 

THM91000S/L-10 

- 

360 

THM9100 0 S/L-12 

- 

270 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V cc -0.2V) 

- 

9 

mA 


t CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRC=tRc MIN.) 

THM91000S/ L- 35 

- 

630 

mA 

3 

THM91000S/L-10 

- 

540 

THM9 1000S/L-12 

- 

450 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V=Vin= 6.5V, All Other Pins not under Test=0V) 

-90 

90 

pA 


^(L) 

OUTPUT LEAKAGE CURRENT 

(C*0UT is disabled, 0V S Vqut - 5.5V) 

-20 

20 

uA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = ~5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (lQUT = 4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



PARAMETER 


Random Read or Write Cycle 
Time 


Fast Page Mode Cycle Time 


Access Time from RAS 


Access Time from CAS 


Access Time from Column 
Address 


Access Time from CAS 
Precharge 


CAS to Output in Low-Z 


Output Buffer Turn-off Delay 


Transition Time 
(Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width 
(Fast Page Mode) 


RAS Hold Time 


CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay 


CAS to RAS Precharge Time 

CAS Precharge Time 
(Fast Page Mode) 

Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address Hold Time 
referenced to RAS 


Column Address to RAS Lead 
Time 


Read Command Set-Up Time 


(V CC =5V ±10 %, Ta=0 ^ 70°C)(Notes 5, 6, 7) 


THM91000S/L-85 THM91000S/L-101THM9100OS/L-12 


MIN.I MAX. ImIN.I MAX. ImIN.I MAX. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

THM91000 S/L-85 

THM91000S/L-10 

THM91000 S/L-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

twCH 

Write Command Hold Time 

20 

- 

20 

- 

20 

- 

ns 


t WCR 

Write Command Hold Time 

referenced to RAS 

65 

- 

75 

- 

90 

- 

ns 


fc WP 

Write Command Pulse Width 

20 

- 

20 

- 

25 

- 

ns 


t RWL 

Write Command to RAS Lead 

Time 

20 

- 

25 

- 

30 

- 

ns 


t CWL 

Write Command to CAS Lead 

Time 


- 

25 

- 

30 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 


0 

- 

ns 

11 

t DH 

Data Hold Time 


- 

20 

- 

25 

- 

ns 

11 

t DHR 

Data Hold Time referenced to 
RAS" 

D 

- 

75 

- 

90 

- 

ns 


t REF 

Refresh Period 

- 

8 

- 

8 

- j 8 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

ns 

12 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

a 

- 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 


- 

30 

- 

30 

- 

ns 


t RPC 

RAS to CAS Precharge Time 

D 

- 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

■ 

- 

50 

- 

60 

- 

ns 


fc CPN 

CAS Precharge Time 

15 

- 

15 

- 

20 

- 

ns 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A9,TT, CAS, RAS) 

- 

60 

pF 

C I2 

Input Capacitance (D8, CAS8) 

- 

7 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 

C Q 

Output Capacitance (Q8) 

- 

10 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss* 

3. ICC1> I CC3» I CC4> I CC6 depend on cycle rate. 

4. IcCl> 3 cc 4 < 3 e P en< ^ on out P ut loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tq i =5ns. 

7. Vjjj(min.) and Vj^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vpp and Vjr. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max *) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t R c K or tppjj must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 


12. ttycs is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t^CS=twCS(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 


13. 


Operation within the tRCD(max.) limit insures that t^cCmax.) 
tRCD( max -) is specified as a reference point only: If tpcD is 
specified tp^^Cmax.) limit, then access time is controlled by 


can be met. 
greater than the 
tCAC* 


14. Operation within the tp^p(max.) limit insures that tp^^Cmax.) can be met. 

tRAD( max .) is specified as a reference point only: If tRAD is greater than the 
specified tp^p(max.) limit, then access time is controlled by tAA* 


— 0134 — 





















































THM91000S/L-85, 10, 12 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



V 0H —- 

Dqut open 

v 0L 


'H" or 
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-C-1 
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HIDDEN REFRESH CYCLE (WRITE) 



d out 


V 0 H- 

V OL - 


OPEN 


'/// : "H" or * L n 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 







2 0.45 MAX. 



aSSSEI 


5.08MAX. 


• THM91000L 
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TOSHIBA NIOS MEMORY PRODUCTS 
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DESCRIPTION] 

The THM91001S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511001J on the printed circuit board. 

The THM91001S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


FEATURES 


• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91001S/L-85 

THM91001S/L-10 

THM91001S/L-12 

c RAC 

RAS Access Time 


jHHEBliflH 

120ns 

C AA 

Column Address Access Time 



60ns 

t CAC 

CAS Access Time 

30ns 

35ns 

40ns 

tRC 

Cycle Time 

165ns 

190ns 


t NCAC 

Nibble Mode Access Time 


20ns 

25ns 

fc NC 

Nibble Mode Cycle Time 


40ns 

50ns 


• Single power supply of 5V+10% 

• Low power 

3,465mW MAX. Operating (THM91001S/L-85) 

2,97OmW MAX. Operating (THM91001S/L-10) 
2,475mW MAX. Operating (THM91001S/L-12) 

4 9.5mW MAX. S tandb y 

• CAS before RAS refresh, RAS only refresh. 

Hidden refresh, and Nibble Mode capability. 


• All inputs and outputs TTL 

compatible 

• 512 refresh cycles/8ms 


PIN CONMECTIONi 


(TOP VIEW) 



— 

—J Q 

'£2L( l) 

□ 


0A- ( 2) 

D 


DQO ( 3) 

□ 


AO ( 4) 

D 


Al ( 5) 

□ 


DQ1 ( 6) 

□ 


A2 ( 7) 



A3 ( 8) 

0 


VSS C 9) 

□ 


DQ2 (10) 

n 


A 4 (11) 

a 


A5 (12) 

□ 


DQ 3 (13) 

□ 


A 6 (14) 

□ 


A7 (15) 

a 


DQ4 (16) 

D 


A 8 (17) 

□ 


A9 (18) 

a 


N. C . (19) 

□ 


DQ 5 (2 0) 

□ 


W (2 1) 

□ 


VSS (22) 

a 


DQ6 (2 3) 

□ 


N. C . (24) 

□ 


DQ7 (2 5) 

□ 


0,8 (2 6) 

0 


flAS (2 7) 



GAS 8 (2 8) 

0 


D8 (2 9) 

□ 


VCC (30) 

0 




O 


Spin names 


A0 ^ A9 

Address Inputs 

DQO ^ DQ7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAH 

Row Address Strobe 

¥ 

Read/Write Input 

CAS8 

Column Address Strobe 

vcc 

Power (+5V) 

VSS 

Ground 

N.C. 

No Connection 

























A0~A9 


RAS 

CAS 


WRITE 


DQ, 3 


A0~A9 

RAS 

CAST 

CASS 

WRITE 


V CC 

Vss 




— C-146 — 























THM91001S/L-85, 10, 12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

rating 

UNITS 

NOTES 

Input Voltage 

VlN 

-1 'W.O 

V 

1 

Output Voltage 

v OUT 

-1 'W.O 

V 

1 

Power Supply Voltage 

V CC 

-1 W.O 

V 

1 

Operating Temperature 

t OPR 

0 WO 

°C 

1 

Storage Temperature 

t STG 

-55 W25 

°C 

1 

Soldering Temperature • Time 

T SOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

PD 

5.4 

W 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

x cci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc =t RC MIN.) 

THM91001S/L-85 

- 

630 

mA 

3, 4 

THM91001S/L-10 

- 

540 

THM91001S/L-12 

- 

450 

PCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

- 

18 

mA 


P-CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V IH : t R c=t R c MIN.) 

THM91001S/L-85 

- 

630 

mA 

3 

THM91001S/L-10 

- 

540 

THM91001S/L-12 

- 

450 

X CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V il , CAS Cycling: t NC =t NC MIN.) 

THM91001S/L-85 

- 

450 

mA 

3, 4 

THM91001S/L-10 

- 

360 

THM91001S/L-12 

- 

270 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V cc -0.2V) 

- 

9 

mA 


X CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t RC =t RC MIN.) 

THM91001S/L-85 

- 

630 

mA 

3 

THM91001S/L-10 

- 

540 

THM91001S/L-12 

- 

450 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V =Vin =6.5V, All Other Pins not under Test=0V) 

-90 

90 

yA 


X 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut 4s disabled, 0V =Vqut =5.5V) 

-20 

20 

yA 


v OH 

OUTPUT LEVEL 

Output "R" Level Voltage (IoUT 13- ^^) 

2.4 

- 

V 


<3 

o 

r 1 

OUTPUT LEVEL 

Output "L" Level Voltage (IouT = ^*2nA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta=0'W0°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 


Random Read or Write Cycle Time 

n 

Nibble Mode Cycle Time 


Access Time from RAS 

t CAC 

Access Time from CAS 

t AA 

Access Time from Column Address 

tNCAC 

Nibble Mode Access Time 

C CLZ 

CAS to Output in Low-Z 

tOFF 

Output Buffer Turn-Off Delay 

t T 

Transition Time (Rise and Fall) 

C RP 

RAS Precharge Time 

BElJJI 

RAS Pulse Width 


RAS Hold Time 

t CSH 

CAS Hold Time 

fc CAS 

CAS Pulse Width 

B 

RAS to CAS Delay Time 

13f 

RAS to Column Address Delay Time 

C CRP 

CAS to RAS Precharge Time 

c CPN 

CAS Precharge Time 

tASR 

Row Address Set-Up Time 

t RAH 

Row Address Hold Time 

t ASC 

Column Address Set-Up Time 

C CAH 

Column Address Hold Time 

C AR 

Column Address Hold Time 
referenced to RAS 

t RAL 

Column Address to RAS Lead Time 

tRCS 

Read Command Set-Up Time 

t RCH 

Read Command Hold Time 

referenced to CAS 

C RRH 

Read Command Hold Time 
referenced to RAS 

t WCH 

Write Command Hold Time 

tWCR 

Write Command Hold Time 
referenced to RAS 


THM91001S/L-85 THM91001S/L-10 THM91001S/L-18 UNIT NOTES 
MIN. MAX. MIN. 1 MAX. MIN. I MAX. 

165 - 190 - 220 - ns 



50 - ns 


120 

ns 

8,13 

40 

ns 

8,13 

60 

ns 

8,14 

25 

ns 

8 


5 - ns 8 


0 

35 

ns 

9 

3 

50 

ns 

7 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


THM91001S/L -85 THM 91001S/L -10 THM 91001S/L -12 


MIN. MAX. MIN. MAX. MIN. MAX. 


SYMBOL 

PARAMETER 

tWP 

Write Command Pulse Width 

C RWL 

Write Command to RAS Lead Time 

C CWL 

Write Command to CAS Lead Time 


Data-In Set-Up Time 

mm 

Data-In Hold Time 

t DHR 

Data-In Hold Time referenced 

to RAS 

tREF 

Refresh Period 

t WCS 

Write Command Set-Up Time 

t CSR 

CAS Set-Up Time 
(CAS before RAS) 

c CHR 

CAS Hold Time (CAS before RAS) 

tRPC 

RAS Precharge to CAS Active 

Time 

t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test) 

t NCAS 

Nibble Mode Pulse Width 

tNCP 

Nibble Mode CAS Precharge Time 

t NRSH 

Nibble Mode RAS Hold Time 

tNRWL 

Nibble Mode WRITE Command to 

RAS Lead Time 

t NCWL 

Nibble Mode WRITE Command to 

CAS Lead Time 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A9, "W, CAS, RAS) 

- 

60 

pF 

C I2 

Input Capacitance (D8, CASS) 

- 

7 

P F 

C DQ 

I/O Capacitance (DQ0vDQ7) 

- 

15 

pF 

CQ 

Output Capacitance (Q8) 

- 

10 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3. I CC1» I CC3» I CC4» I CC6 depend on cycle rate. 

4. ICC1> ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tq^Sns. 

7. ViH(min.) and ViL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vqp and Vjr. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. topp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcS is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If twcS=tWCS(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tRcc(max.) limit insures that tRAc(max.) can be met. 
tRcp(max.) is specified as a reference point only: If tRCD is greater than 
the specified tRCD(max.) limit, then access time is controlled by tQAO 

14. Operation within the tRAD(max.) limit insures that tj^Q(max.) can be met. 
tRAp(max.) is specified as a reference point only: If tR^p is greater than 
the specified tR^p(max.) limit, then access time is controlled by t^. 
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NIBBLE MODE READ CYCLE 
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RAS ONLY REFRESH CYCLE 


t RC 



e OUT 


v OH - 

v 0 l — 


OPEN 


"H" 


"L" 


NOTE: WRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 


NOTE: WRIT: 


— C-155 
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HIDDEN REFRESH CYCLE (READ) 
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m 1 * i 




CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 


mm 


VALID DATA 


t RSH 


^CAH 


58 - 
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IPESCRIPTI OH I 

The THM91002S/L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511002J on the printed circuit board. 

The THM91002S/L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

| features] 


• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91002S/L-85 

THM91002S/L-10 

THM91002S/L-12 

c RAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access Time 

45ns 

50ns 

60ns 

t CAC 

CS Access Time 

25ns 

25ns 

30ns 

fc RC 

Cycle Time 

165ns 

190ns 

220ns 

t SC 

Static Column Mode Cycle Time 

50ns 

55ns 

65ns 


• Single power supply of 5V±10% 

• Low power 3,465mW MAX. Operating (THM91002S/L-85) 

2,97OmW MAX. Operating (THM91002S/L-10) 

2,475mW MAX. Operating (THM91002S/L-12) 

49.5mW MAX. Standby 

• CS before RAS refresh, RAS only refresh, Hidden refresh, and Static Column Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


PIN CONNECTION] 

(TOP VIEW) 



<-> 

VCC (1) 
C3 (2) 
DQ0 (3) 
AO (4) 
A1 (5) 

O 

a 

o 


□ 

a 



DQ,1 (6) 

□ 


A2 (7) 
A3 (8) 
VSS (9) 
DQ,2 (10) 

o 


□ 

□ 




A4 (ID 
A5 (12) 
DQ,3 (13) 
A6 (14) 
A 7 (15) 
DQ,4 (16) 
A8 (17) 

□ 

□ 

□ 


□ 


□ 

□ 


□ 


A 9 (18) 
N. C. (19) 
DQ.5 (20) 
W (21) 
VSS (22) 
DQ,6 (23) 

□ 

□ 

a 


r-, 

□ 

□ 


N.C.(24) 

D 


DQ,7 (25) 
08 (26) 
BKS (27) 
USF (28) 
D8 (29) 
VCC (30) 

□ 

□ 

Q 




a 

P 

a 




O 


(pin names] 

A0 ^ 9 

Address Inputs 

DQ0 ^ 7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CS 

Chip Select Input 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

CS8 

Chip Select Input 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 
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ITEM 


Input Voltage 


Output Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


V IN 


VOUT 


V CC 



RATING 


-1 % 7 


- 1^7 


- 1^7 


0 % 70 


-55 % 125 


260 • 10 


5. 


50 


UNITS 


V 


V 


V 


°c 


°c 


5 C • sec 


W 


mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta-0'W0°C) 


SYMBOL 

PARAMETER 

V CC 

Supply Voltage 

VlH 

Input High Voltage 

VlL 

Input Low Voltage 



UNIT 

NOTES 

V 

2 

V 

2 

V 

2 




DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 


PARAMETER 


OPERATING CURRENT THM9I0025^1-85 

Average Power Supply Operating Current thm91002S/L-iq 

(RAS, CS, Address Cycling: t RC »t RC MIN.) THM91002SKL-12 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V IH ) 

RAS ONLY REFRESH CURRENT ”_ ' ^HM9l002S/L-85 

Average Power Supply Current, RAS Only Mode THM91002S'L-10 

(RAS Cycling, CS=Vxh-’ tRC =t RC MIN.) THM9l002S'L-i2 

STATIC COLUMN MODE CURRENT THM9l002S^-85 

Average Power Supply Current, Static Column Mode thM 91002 S^j -10 
(RAS=CS=V IH , Address Cycling: tsc^SC MIN.) m©l002&/L-l2 

STANDBY CURRENT 
Power Supply Standby Current 
(RAS=CS=V cc -0.2V) 


i niviyxuu/co^ Jj lu 

THM91002SKL-12 


THM91002S/L-85 
THM91002S / ii-10 
TH M91002S/L-12 
THM91002S4 j-85 


FHM91002S/L-12 


CAS BEFORE RAS REFRESH CURRENT_ _ 1^1910028^85 

Average Power Supply Current, CS Before RAS Mode THM91002S/L-10 

(RAS, CS Cycling: t R c = tRC MIN.) iHM9ioo2S'X~i2 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV aV in =6.5V, All Other Pins not under Test=0V) 


OUTPUT LEAKAGE CURRENT 
(Dqut is disabled, OV = VoUT - 5.5V) 
'OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =_ 5mA) 


OUTPUT LEVEL 

Output "L" Level Voltage (ToiJT = 4*2mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta=0 ^ 70°C)(Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

THM91002S/L-85 

THM91002S/L-10 

THM9100 2S/L-12 

UNIT 

NOTES 



MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

165 

- 

190 

- 

220 

- 

ns 


c SC 

Static Column Mode Cycle Time 

50 

- 

55 

- 

65 

- 

ns 


c RAC 

Access Time from RAS 

- 

85 

- 

100 

- 

120 

ns 

8,13 

t -CAC 

Access Time from CS 

- 

25 

- 

25 

- 

30 

ns 

8,13 

tAA 

Access Time from Column Address 

- 

45 

- 

50 

- 

60 

ns 

8,14 

t CLZ 

CS to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

8 

c OFF 

Output Buffer Turn-off Delay 

0 

30 

0 

30 

0 

35 

ns 

9 

t AOH 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 

■ 

tow 

Output Data Enable Time from 
WRITE 

- 

30 

- 

30 

- 

35 


■ 

tW0H 

Output Data Hold Time from 

WRITE 

0 

- 

0 

- 

0 

- 

ns 

■ 

tom 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 


IOi 

RAS Precharge Time 





90 

- 

ns 


szm 

RAS Pulse Width 



9 



10,000 

ns 


tRASC 

RAS Pulse Width 
(Static Column Mode) 


100,000 

100 

100,000 

120 

100,000 

ns 


tRSH 

CS to RAS Hold Time 


1' 

25 

- 


- 

ns 


t CSH 

RAS to CS Hold Time 

85 

- 

100 

- 


- 

ns 


tcs 

CS Pulse Width 

■3 

10,000 

25 

10,000 

30 

10,000 

ns 


tcsc 

CS Pulse Width 
(Static Column Mode) 

B 

100,000 

25 

100,000 

30 

100,000 

ns 


t RCD 

RAS to CS Delay Time 

25 

60 

25 

75 

25 

90 

ns 

13 

tRAD 

RAS to Column Address Delay Time 

20 

40 

E3 

50 

20 

60 

ns 

14 

tCRP 

CTT to RAS Precharge Time 

10 

- 

m 


10 

- 

ns 


tCP 

CS Precharge Time 
(Static Column Mode) 

10 

- 

10 

- 

15 

- 

ns 

■ 

C ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

■ 

tRAH 

Row Address Hold Time 

15 

- 

15 

- 

15 

- 

ns 

mm 

t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tCAH 

Column Address Hold Time 

20 

- 

20 

- 

25 

- 

ns 


tAWR 

Write Address Hold Time 
referenced to RAS 

65 

- 

75 

- 

90 

- 

ns 

■ 

tAR 

Column Address Hold Time 
referenced to RAS 

100 

- 

115 

- 

140 

- 

ns 

■ 

tRAL 

Column Address to RAS Lead Time 

45 

- 

50 

- 

60 

- 

ns 
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PARAMETER 


THM91002S/L-85 THM91002S/L-10 


Column Address Hold Time 
referenced to RAS Rise 

10 

Write Command to CS Lead Time 

20 

Read Command Set-Up Time 
referenced to "CS” 

0 

Read Command Hold Time 
referenced to CS” 

0 

Read Command Hold Time 
referenced to RAS 

0 

Write Command Hold Time 
(Output Data Disable) 

0 

Write Command Hold Time 
referenced to RAS 

65 

Write Command Pulse Width 

20 

Write Command Inactive Time 

10 

Write Command to RAS Lead Time 

20 

Data-In Set-Up Time 

0 

Data-In Hold Time 

20 

Data-In Hold Time referenced 
to RAS 

65 

Refresh Period 

-. 

Write Command Set-Up Time 
(Output Data Disable) 

0 

CS Set-Up Time (CS before RAS) 

10 

CS Hold Time (CS before RAS) 

30 

RAS Precharge to CS Active 

Time 

0 

TTS Precharge Time 
(CS before RAS Counter Test) 

50 

CS Precharge Time 

15 


UNITS NOTES 


16 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (A0^A9, W, CS, RAS) 

- 

60 

pF 

C I2 

Input Capacitance (D8, CSS) 

- 

7 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 

mm 

Output Capacitance (Q8) 

- 

10 

pF 


— C-165 — 












































































































































THRUSH 002S/L-85, 10, 12 


NOTES: 


1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgs» 

3 • Icci» I CC3> I CC4» I CC6 depend on cycle rate. 

4. Icci> -*-CC4 depend on output loading. Specified values are obtained with the 
output open. 


5. An initial pause of 200ys is required after power-up followed by any 8 RAS cycles 
before proper device operation is achieved. In case of useing internal refresh 
counter, a minimum of 8 CS before RAS initialization cycles instead of 8 RAS 
cycles are required. 


6. AC measurements assume tp=5ns. 

7. Vjfl(min.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjjj and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toppCmax.) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either t^^ or tp^jj must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge. 

12. t^s, t^H ar ^ not restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If tyg ^ tyg(min.) and = t^H(min.)» 
the cycle is an early write cycle and data out pin will remain open circuit (high 
impedance) throughout the entire cycles. 

13. Operation within the tpcD( max -) limit insures that tRAc( max *) can be met. t^Q) 
(max.) is specified as a reference point only: If tpcp is greater than the spec¬ 
ified tpQ)(max.) limit, then access time is controlled by t^AO 

14. Operation within the t^j^max.) limit insures that tj^£(max.) can be met. 
tRAn(max.) is specified as a reference point only: If t^p is greater than the 
specified tRAJ)(max.) limit, then access time is controlled exclusively by t^A• 

15. t^p is the condition to latch column address when RAS has rised up. 


- C-166 — 
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TOSHIBA MOS MEMORY PRODUCTS 

THM9101 OS-85, 10, 12 


IdescriptionI 

The THM91010S is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000J on the printed circuit board. 

The THM91010S is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

[featuresI 


• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91010S-85 

THM91010S-10 

THM91010S-12 

t RAC 

RAS Access Time 

85ns 

100ns 

120ns 

Z AA 

Column Address Access Time 

45ns 

50ns 

60ns 

t CAC 

CAS Access Time 

25ns 

25ns 

25ns 

mm 

Cycle Time 

165ns 

190ns 


■aaai 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Single power supply of 5V±10% 

• Low power 3,465mW MAX. Operating (THM91010S-85) 

2,97OmW MAX. Operating (THM91010S-10) 

2,475mW MAX. Operating (THM91010S-12) 

49.5mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and ouptuts TTL compatible 

• 512 refresh cycles/8ms 


PIN CONNECTION 

(TOP VIEW) 


vcc 

CAS 

DQ.0 

AO 

A1 


DCU 

A2 

A3 

VSS 

DQ2 

A4 

A5 

DQ3 

A6 


A7 

DQ,4 

A8 

A9 

N.C. 

HQ, 5 

W 

VSS 

DQ.6 

EDI 


DQ,7 

ED2 

Has 

N.C. 

DQ,8 

VCC 



PIN NAMES] 


A0 ^A9 

Address Inputs 

DQ0 ^DQ8 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

TT 

Read/Write Input 

PD1, 2 

Presence Detect(Ground) 

Vcc 

Power (+5V) 

VSS 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1.0 *7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 ^7.0 

V 

1 

Power Supply Voltage 

vcc 

-1.0 -W.0 

V 

1 

Operating Temperature 

topr 

0 -WO 

°C 

1 

Storage Temperature 

t stg 

-55 %125 

°C 

1 

Soldering Temperature • Time 

t solder 

260 •• 10 

°C • sec 

1 

Power Dissipation 

P D 

5.4 

W 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 


6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 


0.8 

_ 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c=5VilO%, Ta=0^7Q°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

J CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpQ=t R Q MIN.) 

THM91010S-85 


63C 



THM91010S-10 

■ 

540 

THM91010S-12 


450 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=cas=v ih ) 

■ 

18 

mA 

1 

I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS^Vih: tRC =t RC MIN.) 

THM91010S-85 

- 

630 

mA 

3 

THM91010S-10 

- 

540 

THM91010S-12 

- 

450 

I CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vil, CAS Address Cycling: tp^=tp^ MIN.) 

THM91010S-85 

- 

450 

mA 

■ 

THM91010S-10 

- 

360 

THM91010S-12 

- 

270 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vcc-0.2V) 

■ 

9 

mA 

■ 

I CC6 

- 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tpc =t RC MIN.) 

THM91010S-85 


630 

mA 

3 

THM91010S-10 

mm 

540 

THM91010S-12 

u 

450 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV gV jn =6.5V, All Other Pins not under Test=0V) 

-90 

90 

uA 

■ 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV ^VquT = 5.5V) 

-20 

20 

yA 


C 

O 

w 

OUTPUT LEVEL 

Output "K" Level Voltage (IOUT = -5mA) 

B 

B 

V 

■ 

Vql 

OUTPUT LEVEL 

Output "L" Level Voltage (lQUT = 4•2mA) 

B 

0.4 

V 

|| 
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THM91 OIOS-85, 1ft, 12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 


THM91010S-85 THM91010S-10 | THM91010S-12 


MIN. MAX. 


SYMBOL 


PARAMETER 


Random Read or Write Cycle 
Time 


t PC Fast Page Mode Cycle Time 


t RAC Access Time from RAS 


t CAC |Access Time from CAS 


Access Time from Column 
Address 


Access Time from CAS Pre¬ 
charge 


t CLZ CAS to Output in Low-Z 


t OFF Output Buffer Turn-off Delay 


Transition Time 
(Rise and Fall) 


RAS Precharge Time 


t RAS RAS Pulse Width 


t RAS Pulse Width 

RASP (F as t Page Mode) 


t RSH RAS Hold Time 


CAS Hold Time 


MAX. MIN. MAX. 






UNITNOTES 



fc CAS 

CAS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 

25 

60 

25 

75 

25 

90 

ns 

13 

t RAD 

RAS to Column Address Delay 

20 

40 

20 

50 

20 

60 

ns 

14 


t CRP CAS to RAS Precharge Time 


CAS Precharge Time 
(Fast Page Mode) 


^-ASR Row Address Set-Up Time 


t RAH Row Address Hold Time 


t ASC Column Address Set-Up Time 


t CAH I Column Address Hold Time 


Column Address Hold Time 
referenced to RAS 


Column Address to RAS Lead 
Time 


tRAL 


t RCS Read Command Set-Up Time 



















































































































































































Fyi ■: 


41 IIIii 


I 



PARAMETER 


ITIONS (Continued) 


THM91010S-85 THM91010S-10 THM91010S-12 


MIN. | MAX. I MIN. | MAX. | MIN.| MAX. 


t RCH 

Read Command Hold Time 

0 

t RRH 

Read Command Hold Time 

referenced to P.AS 

0 

c WCH 

Write Command Hold Time 

20 

c WCR 

Write Command Hold Time 
referenced to RAS 

65 

t WP 

Write Command Pulse Width 

20 

tRWL 

Write Command to RAS Lead 
Time 

20 

t CWL 

Write Command to CAS Lead 
Time 

20 

t DS 

Data Set-Up Time 

0 

t DH 

Data Hold Time 

20 

t DHR 

Data Hold Time referenced 
to RAS 

65 

tREF 

Refresh Period 

- 

twcs 

Write Command Set-Up Time 

0 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

c RPC 

RAS to CAS Precharge Time 

0 

c CPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

50 

tCPN 

CAS Precharge Time 

15 


0 


UNITS NOTES 


10 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0 'v A9, "W, CAS, RAS) 

- 

60 

P F 

c dq 

I/O Capacitance (DQ0^DQ8) 

- 

15 

pF 

































































































































NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3 - T CC1> t CC3» t CC 4 > I CC6 depend on cycle rate. 

4. lcci» 3 CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t'p=5ns. 

7. Vjp(min.) and VxL,( max -) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vpn and Vjl> 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tgcp or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If tycg^ty^g(min.), the cycle is an early 
write cycle, and data out pin will remain open circuit (high impedance) . 

13. Operation within the tp£p(max.) limit insures that tg^£(max.) can be met. 
tRCD( max -) is specified as a reference point only: If tppp is greater than the 
specified tp£p(max.) limit, then access time is controlled by tQAp. 

14. Operation within the tjxAD( max> ) limit insures that tjxAc(max.) can be met. 
tRAp(max.) is specified as a reference point only: If tjp^p is greater than the 
specified tjp^p(max.) limit, then access time is controlled by t^. 
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EARLY WRITE CYCLE 


VALID DATA 
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HIDDEN REFRESH CYCLE (READ) 






















WRITE 


VALID DATA 


d OUT 


OPEN 
















WRITE CYCLE 














20i32 MAX. 



8 8.9 0 ±0.1 3 


7 9.6 2 MAX, 


5.0BMAX. 
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TOSHIBA MOS MEMORY PRODUCTS 

THM91020L-85, 10, 12 


IDESCRI PTIONj 

The THM91020L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000J on both sides of the printed circuit board. 

The THM91020L is optimized for application to the systems which are required high 
density and large capacity such as main memory of the computers and an image memory 
systems, and to the others which are requested compact size. 

1 features] 


• 1,048,576 words by 9 bits organization 

• Fast access time 


1 

THM91020L-85 

THM91020L-10 

THM91020L-12 

t RAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access Time 

45ns 

50ns 

60ns 

t CAC 

CAS Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

t PC 

Fast Page Mode Cycle Time 

50ns 

55ns 

70ns 


• Sinlge power supply of 5V±10% • All inputs and output TTL compatible 

• Low power • 512 refresh cycles/8ms 

3,465mW MAX. Operating(THM91020L-85) • 12.64mm MAX. Package Height 

2,97OmW MAX. Operating(THM91020L-10) 

2,475mW MAX. Operating(THM91020L 12) 

49.5mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh. 

Hidden refresh, and Fast Page Mode 
capability. 


j PIN connection! 


(TOP VIEW) 


vgc 

CAS 

(1) 

(2) 

DQO 

(3) 

AO 

(4) 

A1 

(5) 

DQ,1 

(6) 

A2 

(7) 

A3 

(8) 

vss 

(9) 

DQ2 

(10) 

A4 

(11) 

A5 

(12) 

DO, 3 

(13) 

A6 

(14) 

A7 

(15) 

DQ.4 

(16) 

A8 

(17) 

A9 

(18) 

N.C. 

(19) 

DQ5 

(20) 

W 

(21) 

VSS 

(22) 

DQ,6 

(23) 

N.C. 

(24) 

DQ7 

(25) 

Q,8 

RAS 

(26) 

(27) 

CA^S 

' (28) 

D8 

(29) 

vcc 

(30) 


1 PIN NAMES! 

A0 % A9 

Address Inputs 

DQ0 ^ DQ7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

¥ 

Read/Write Input 

CASS 

Column Address Strobe 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 
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THM91Q20L-85, 10,12 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1.0 ^ 7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 o, 7.0 

V 

1 

Power Supply Voltage 

Vcc 

-1.0 ^ 7.0 

V 

1 

Operating Temperature 

Topr 

0 ^ 70 

°C 

1 

Storage Temperature 

Tstg 

-55 ^ 125 

°C 

1 

Soldering Temperature • Time 

TsOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

Pd 

5.4 

W 

1 

Short Circuit Output Current 

lOUT 

_50_ 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v C c 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta«0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

TCCI 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc=tpc MIN.) 

THM91020L-85 

- 

630 

mA 

3,4 

THM91020L-10 

- 

540 

THM91020L-12 

- 

450 

T CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V ih ) 



mA 


I CC3 

RAS ONLY REFRESH CURRENT 

THM910 20L-85 


630 

mA 

3 

Average Power Supply Current, RAS Only Mode 
(■RAS Cycling, CAS=Vih: tRc=tRC MIN.) 

THM91020L-10 


540 

THM91020L-12 

- 

450 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(P^" V IL> CAS" Address Cycling: tpc=tpe MIN.) 

THM91020L-85 

_ 

450 

mA 

3,4 

THM91020L-10 

- 

360 

THM91020L-12 

- 

270 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

- 

9 

mA 


I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: Frc^CrC m ^N.) 

THM91020L-85 

- 

630 

mA 

3 

THM91020L-10 

- 

540 

THM91020L-12 

- 

450 

T I (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV ^ Vj^[ 1 6.5V, All Other Pins not under Test=0V) 

-90 

90 

yA 


t o(l) 

OUTPUT LEAKAGE CURRENT 

(Dqut i- s disabled, OV = Vqut = 5 • 5V) 

-20 

20 

yA 


33 

o 

> 

OUTPUT LEVEL 

Output "H" Level Voltage (lQUp=-5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IqUT =/ + • 2mA) 

- 

0.4 

V 
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S 


SYSTEM 

PARAMETER 

tRC 

Random Read or Write Cycle 

Time 

c PC 

Fast Page Mode Cycle Time 

t RAC 

Access Time from RAS 

t CAC 

Access Time from CAS 

C AA 

Access Time from Column 

Address 

tCPA 

Access Time from CAS 

Precharge 

C CLZ 

CAS to Output in Low-Z 

t 0FF 

Output Buffer Turn-off Delay 

t T 

Transition Time(Rise and Fall) 

tRP 

RAS Precharge Time 

tRAS 

RAS Pulse Width 


THM91020L-85 THM91020L-10 THM91020L-12 


MIN. MAX. MIN. 




RAS Hold Time 
I CAS Hold Time 


CAS Pulse Width 


RAS to CAS Delay Time 


RAS to Column Address Delay 
Time 


CAS to RAS Precharge Time 


CAS Precharge Time 
(Fast Page Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


|Column Address Hold Time 


Column Address Hold Time 
referenced to RAS 


Column Address to RAS Lead 
Time 


Read Command Set-Up Time 


Read Command Hold Time 


25 10,000 30 10,0001 ns 


25 



ns 


ns 10 
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THM91020L-85, 10, 12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


PARAMETER 


SYMBOL 


t RRH 


THM91020L-85 THM91020L-10 THM91020L-12 


MIN. MAX. MIN. MAX. MIN. MAX. 


B 


Read Command H old Time 
referenced to RAS 


t WCH Iwrite Command Hold Time 


Write Command Hold Time 
referenced to RAS 


t WP Write Command Pulse Width 


Write Command to RAS Lead 
Time 


Write Command to CAS Lead 
"CWL Time 


Data Set-Up Time 


Data Hold Time 


tDHR 

Data Hold Time referenced 
to RAS 

65 

t REF 

Refresh Period 

- 

tycs 

Write Command Set-Up Time 

0 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

tCHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

t RPC 

RAS to CAS Precharge Time 

0 

t CPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

50 

t-CPN 

CAS Precharge Time 

15 



UNITS NOTES 


ns 10 



0 

- 

0 

- 

ns 

12 

10 

- 

10 

- 

ns 




CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^ A9, W, CAS, RAS) 

- 

60 

pF 

C I2 

Input Capacitance (D8, CAS8) 

- 

7 

pF 

C DQ 

I/O Capacitance (DQO^DQ?) 

- 

15 

pF 

CQ 

Output Capacitance (Q8) 

- 

10 

pF 


— C-193 — 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. 

2. All voltages are referenced to Vss* 

3• Icci» I CC3> I CC4» I CC6 depend on cycle rate. 

4. Icci> icC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vpp(min.) and V-pp(max.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between and Vpp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max *) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^Qjj or tpppj must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. typs is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If typg=tyQg(min.), the cycle is an early 
write cycle and data out pin will remain open circuit, (high impedance) . 

13. Operation within the tpQp(max.) limit insures that tRAc( max *) can be met. 
tRCpCmax.) is specified as a reference point only: If t^p is greater than 
the specified tp£j)(max.) limit, then access time is controlled by t^AO 

14. Operation within the tjpAj)(max.) limit insures that tpApCmax.) can met * 
tRApCmax.) is specified as a reference point only: If tp^ is greater than 
the specified tpAD( roax ') limit, then access time is controlled by tAA* 


— C-194 — 
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CAS BEFORE RAS REFRESH CYCLE 
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OUTLINE DRAWINGS 
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TOSHIBA MOS MEMORY PRODUCTS 

THM91021L-85, 10, 12 


description! 

The THM91021L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511001J on both sides of the printed circuit board. 

The THM91021L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


FEATURES 


• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91021L-85 

THM91021L-10 

THM91021L-12 

tRAC 

RAS Access Time 

85ns 

100ns 

■ 

tAA 

Column Address Access Time 

45ns 

50ns 


tCAC 

CAS Access Time 

30ns 

35ns 

40ns 

t-RC 

Cycle Time 

165ns 

190ns 

220ns 

tNCAC 

Nibble Mode Access Time 

20ns 

20ns 

25ns 

c NC 

Nibble Mode Cycle Time 

40ns 

40ns 

50ns 


• Single power supply of 5V+10% 

• Low power 

3,465mW MAX. Operating (THM91021L-85) 

2,97OmW MAX. Operating (THM91021L-10) 

2,475mW MAX. Operating (THM91021L-12) 

49.5mW MAX. Standby 

• CAS before RAS refresh, MS only refresh. 

Hidden refresh, and Nibble Mode capability, 


• All inputs and outputs TTL 

compatible 

• 512 refresh cycles/8ms 

• 12.64mm MAX. Package Height 



PIN NAMES| 

A0 ^ A9 

Address Inputs 

DQ0 ^ DQ7 

Data Input/Output 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

CAS8 

Column Address Strobe 

V CC 

Power (+5V) 

V CC 

Ground 

N.C. 

No Connection 


— 0205 — 
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ITEM 


Input Voltage 
Output Voltage 


Power Supply Voltage 
Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


RATING 



t 0PR 


Tstg 


T SOLDER 


-l'W.O 


0 v 70 


-55 ^125 


260 • 10 


UNITS 

NOTES 

V 

1 

V 

1 

V 

1 

°C 

1 


5.4 

W 

1 

50 

mA 

1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0%70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 


Input High Voltage 

warn 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

BBB 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (i T CC=5V±10%, Ta=0W0°C) 


SYMBOL 

PARAMETER 



UNITS 

NOTES 

X CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t R c=t R £ MIN.) 

THM91021L-85 

- 

630 


3,4 

THM91021L-10 

- 

540 

THM91021L-12 

- 

450 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=cas=v ih ) 

■ 

18 

mA 

■ 

iCCS 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vi R : t R c =t R c MIN.) 

THM91021L-85 

- 

630 

mA 

3 

THM91021L-10 

- 

540 

THM91021L-12 

- 

450 

I CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V il , CAS Cycling: t NC =t NC MIN.) 

THM91021L-85 

- 

450 

mA 

3,4 

THM9.1021L-10 

- 

360 

THM91021L-12 

- 

270 


STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

■ 




I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS" Cycling: t RC =t RC MIN.) 

THM91021L-85 

■ 

630 

mA 

3 ! 

THM91021L-10 

■ 

540 

THM91021L-12 

- 

450 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV1 V IN i 6.5V, All Other Pins not under Test=0V) 

-90 

90 

yA 

■ 

X 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV < Vqjj T < 5.5V) 

-20 

20 

UA 

■ 

V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (lQyp=-5mA) 

n 

B 

V 

■ 

V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = ^• 2mA) 

B 

B 

V 
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THM91021L-85, 10 




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


( v Cc= 5v±10% > Ta=0'W0°C) (Notes 5, 6, 7) 




PARAMETER 


Random Read or Write Cycle Time 


Nibble Mode Cycle Time 


Access Time from RAS 


t CAC Access Time from CAS 


*-AA Access Time from Column Address 

t NCAC Nibble Mode Access Time 


CAS to Output in Low-Z 


Output Buffer Turn-Off Delay 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


tCSH I CAS Hold Time 


t CAS CAS Pulse Width 


RAS to Column Address Delay Time 


CAS to RAS Precharge Time 


CAS Precharge Time 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 
Column Address Hold Time 
referenced to RAS 


Column Address to RAS Lead Time 


Read Command Set-Up Time 


Read Command Hold Time 
referenced to CAS 


Read Command Hold Time 
referenced to RAS 


Write Command Hold Time 


Write Command Hold Time 
referenced to RAS 


THM91021L-85 THM91021L-10 THM91021L-12 




— 0208 — 
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ELECTRICAL CHARACTERISTICS At® RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

C WP 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead Time 

mm 

Write Command to CAS Lead Time 

tDS 

Data-In Set-Up Time 

t DH 

Data-In Hold Time 

fc DHR 

Data-In Hold Time referenced 

to RAS 

t REF 

Refresh Period 

r -WCS 

Write Command Set-Up Time 

fc CSR 

CAS Set-Up Time 
(CAS before RAS) 

^CHR 

CAS Hold Time (CAS before RAS) 

tRPC 

RAS Precharge to CAS Active 

Time 

tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test) 

t NCAS 

Nibble Mode Pulse Width 

c NCP 

Nibble Mode CAS Precharge Time 

t NRSH 

Nibble Mode RAS Hold Time 

t_ NRWL 

Nibble Mode WRITE Command to 

RAS Lead Time 

tN'CWL 

Nibble Mode WRITE Command to 

CAS Lead Time 


THM91021L-8: 




- 

20 

- 

10 



25 

- 

ns 

15 

- 

ns 

25 

- 

ns 

25 

- 

ns 

25 

- 

ns 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (AO ^ A9, W~, CAS, RAS) 

- 

60 

pF 

Cl2 

Input Capacitance (D8, CAS8) 

mm 

7 

PF 

C DQ 

I/O Capacitance (DQO'vDQ?) 

WM 

15 

pF 

C Q 

Output Capacitance (Q8) 

mm 

10 

pF 


— C-209 — 





















































































































NOTES: 


1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgs* 

3. ^CCI’ IcC3» ^004’ ^006 ^ e P en d on cycle rate. 

4. ^CCI’ ^CC4 depend on output loading. Specified values are obtained with the 
output open.' 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tf=5ns. 

7. Vj K (min.) and Vj L (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjp and Vjp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tp^p or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. typg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t^cs= tWCS(min.), the cycle is an 
early write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tpQ)(max.) limit insures that tp^c(max.) can be met. 
t RCD^ max ‘^ as s P ec ifi- e< 3 as a reference point only: If tpcp is greater than 
the specified tpQp(max.) limit, then access time is controlled by t^Q. 

14. Operation within the tp^p(max.) limit insures that tp^gCmax.) can be met. 
tRAI>( raax •) as specified as a reference point only: If tp^j) is greater than 
the specified tRAp(max.) limit, then access time is controlled by t/_^. 


— n-210 — 
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RAS ONLY REFRESH CYCLE 



v OH - 

d OUT-OPEN 

v OL - 


m 


"H" or "L" 


NOTE: WRITE«"H" or "L", A9="H" or "L" 


— 0214 — 
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SIS 


rJo. 


HIDDEN REFRESH CYCLE (READ) 


J 

t RCD 



. ... 


SI 


t RAD 


t RSH 

t AR 



t RAH t ASC 


^CAH 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


READ CYCLE 


WRITE CYCLE 






















THE FRONT SIDE 


THE BACK SID! 


OUTLINE DRAWINGS 


• THM91021L 


Unit in mm 
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TOSHIBA MOS MEMORY PRODUCTS 

THM91022L-85, 10, 12 


IdescriptionI 

The THM91022L is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511002J on both sides of the printed circuit board. 

The THM91022L is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


FEATURES! 

• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91022L-85 

THM91022L-10 

THM91022L-12 

c RAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access Time 

45ns 

50ns 

60ns 

t CAC 

CS” Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

t SC 

Static Column Mode Cycle Time 

50ns 

55ns 

65ns 


• Single power supply of 5V±10% 

• Low power 3,465mW MAX. Operating (THM91022L-85) 

2,97OmW MAX. Operating (THM91022L-10) 

2,475mW MAX. Operating (THM91022L-12) 

49.5mW MAX. Standby 

• CS before RAS refresh, RAS only refresh. Hidden refresh, and Static Column Mode 

capability. 

• All inputs and outputs TTL comatible 

• 512 refresh cycles/8ms 

• 12.64mm MAX. Package Height 


PIN CONNECTION 


(TOP VIEW) 



PIN NAMES 


A0 ^ 9 

Address Inputs 

DQ0 ^ 7 

Data Input/Outpus 

D8 

Data Input 

Q8 

Data Output 

CS 

Chip Select Input 

RAS 

Row Address Strobe 

TT 

Read/Write Input 

CS8* 

Chip Select Input 

V CC 

Power (+5V) 

v ss 

Ground 

N.C. 

No Connection 


— C-221 — 



























































ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

Input Voltage 

VlN 

Output Voltage 

V OUT 

Power Supply Voltage 

V CC 

Operating Temperature 

topr 

Storage Temperature 

TSTG 

Soldering Temperature • Time 

t solder 

Power Dissipation 

Pd 

Short Circuit Output Current 

Tout 


RATING 


-H 7 


-l'W 



-55 v125 


260 • 10 


5. 


50 


UNITS 


V 


V 


V 


°C 


°c 


°C* sec 


W 


mA 


NOTES 


1 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

Vcc 

Supply Voltage 

VlH 

Input High Voltage 

v IL 

Input Low Voltage 



MAX. 

UNIT 

NOTES 

5.5 

V 

2 

6.5 

V 

2 

0.8 

V 

2 


PARAMETER 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=0^70°C) 


SYMBOL 


OPERATING CURRENT 

Average Power Supply Operating Current 
(RAG, CS, Address Cycling: t R c=t R £ MIN.) 


TCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V ih ) 

t CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vjh : t R c=t R c MIN.) 

THM91C22Lr85 

THM91022Irl0 

THM91022L-12 

TCC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=Vjr, Address Cycling: tsc =t SC MIN.) 

THM91022Ir85 

T HM 91022Irl 0 

THM91022L-12 

TCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=Vcc~0.2V) 

TCC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: t RC =t RC MIN.) 

THM9I022L-85 

THM91022L-10 

THM91022L-12 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Lekage Current, any Input 

(0V= Vjn= 6.5V, All Other Pins not under Test=0V) 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V= VouT= 5.5V) 

v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT =- 5mA) 

VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = ^•2mA) 


MIN. MAX. UNITS NOTES 


THM91022L-85 - 6 3 01 

THM91022L-10 - 540 mA 3,4 

THM910£2Lr 12 - 450 





630 

540 mA 
450 


450 

360 mA 3,4 
270 



-20 20 yA 


2 . 


0.4 V 

















































































































ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 



PARAMETER 


(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 


THM91022L-85 ITHM91022L-10 THM91022L-12 


c RASC 


Random Read or Write Cylce Time 165 


Static Column Mode Cycle Time 50 


Access Time from RAS 


Access Time from CS 


Access Time from Column Address 


CS to Output in Low-Z 


Output Buffer Turn-Off Delay 


Output Data Hold Time from 
Column Address 


Output Data Enable Time from 
WRITE 


Output Data Hold Time from 
WRITE 


Transition Time (Rise and Fall) 


RAS Precharge Time 


RAS Pulse Width 


RAS Pulse Width g<. 

(Static Column Mode) 

CS to RAS Hold Time _25 

RAS to CS Hold Time 85 


CS Pulse Width 


CS Pulse Width 
(Static Column Mode) 


RAS to CS Delay Time 


RAS to Column Address delay Tim 


CS to RAS Precharge Time 


CS Precharge Time 
(Static Column Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Write Address Hold Time 
referenced to RAS 


Column Address Hold Time 
referenced to RAS 


Column Address to RAS Lead Time 
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PARAMETER 


Column Address Ho ld Time 
referenced to RAS Rise 


Write Command to CS Lead Time 


Read Command Set-Up Time 
referenced to CS 


Read Command Hold Time 
referenced to CS 


Read Command Hold Time 
referenced to RAS 


Write Command Hold Time 
(Output Data Disable) 


Write Command Hold Time 
referenced to RAS 


Write Command Pulse Width 


Write Command Inactive Time 


THM91022L-85 


MIN. MAX. 



t RWL 

Write Command to RAS Lead Time 

— 

- 

25 

- 

30 

- 

ns 


C DS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 



Data-In Hold Time 


Data-In Hold Time referenced 
to RAS 


Refresh Period 

Write Command Set-Up Time 

(Output Data Disable) _ 

CS" Set-Up Time (CS before RAS) 


CS Hold Time (CS before RAS) 


RAS Precharge to CS Active 
Time 

CS Precharge Time 

(CS before RAS Counter Test) 

CS Precharge Time 


25 

- 

ns 

11 




CAPACITANCE ( V CC=5V±10%, f=lMHz, Ta=0v70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cu 

Input Capacitance (A0^A9, W, CS, RAS) 

- 

60 

pF 

C I2 

Input Capacitance (D8, CS8) 

- 

7 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 

CQ 

Output Capacitance (Q8) 

- 

10 

pF 


-0,-225 — 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgs- 

3 - I CC1» X CC3» I CC4 > I CC6 depend on cycle rate. 

4. x cCl’ x cC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CS before RAS initialization cycles instead of 
8 RAS cycles are required. 

6. AC measurements assume t^=5ns. 

7. Vpp(min.) and Vj L (max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vqp and Vjp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tgpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tpQp or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge. 

12. tyg, t WH are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If tyg4tyg(min.) and typ = tyg 
(min.), the cycle is an early write cycle, and data out pin will remain open 
circuit (high impedance) throughout the entire cycles. 

13. Operation within the t^gp(max.) limit insures that t^g(max.) can be met. 
tRcj}(max.) is specified as a reference point only: If tRQ) is greater than the 
specified tp£ D (max.) limit, then access time is controlled by 

14. Operation within the tp^j)(max.) limit insures that tp^g(max.) can be met. 
tpAD( max *) is specified as a reference point only: If tpyj) is greater than the 
specified tp^j)(max.) limit, then access time is controlled exclusively by t^. 

15. t^j.] is the condition to latch column address when RAS ahs rised up. 
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THM91022L 


STATIC COLUMN MODE READ CYCLE 


VALID" 
■DATA . 


VALID" 
-DATA . 


VALID 

DATA 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 
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OUTLINE DRAWINGS 

• THM91022L Unit in mm 


THE FRONT SIDE 



a 8 9MAX. 


1.27 ±0.15 


H) 


CP* 


THE BACK SIDE 


— C-232 — 







































TOSHIBA MOS MEMORY PRODUCTS 

THM362500S-85, 10, 12 


DESCRIPTION 


The THM362500S is a 262,144 words by 36 bits dynamic RAM module which assembled 
8 pcs of TC511000J and 4pcs of THM41256AT on the printed circuit board. 

The THM362500S is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


FEATURES 


262,144 Words by 36 bits organization 
Fast access time 



THM362500S-85 

THM362500S—10 

THM3 62500S—12 

tRAC 

RAS Access Time 

85ns 

100ns 

120ns 

t AA 

Column Address Access Time 

45ns 

50ns 

60ns 

tCAC 

CAS Access Time 

45ns 

50ns 

60ns 

tRC 

Cycle Time 

165ns 

190ns 

220ns 

tPC 

Fast Page Mode Cycle Time 

70ns 

£5 ns 

t o?ns 


Single power supply of 5V± 5 % 

Low power 5,280mW MAX. Operating . (THM3 62 500S-85) 

4,620mW MAX. Operating (THM362500S-10) 

3,960mW MAX. Operating (THM362500S-12) 

154mW MAX. Standby 

CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 
capability. 

All inputs and outputs TTL compatible 
512 refresh cycle/4ms 


PIN CONNECTION 


(TOP VIEW) 


___ _ „ 

fri | □ | □ 

C3 1| CD 11 CZI 1 

f in) i[ czi ;n[ czi i 

MPgim 



1 36 37 72 


i 

Vfis 

Bl 


25 

DQ24 

El 

DQ17 

49 

DQ9 

Dl 

DQ14 

2 

Dqo 

El 


Dll 

DQ7 


DQ35 

50 

DQ2? 

m 

Dq33 

3 

Dqia 

m 

A3 

El 

DQ25 

E| 

Vas 

- 

Dqio 

a. 

cq:s 

4 

nqi 

D 

A4 

□ 

A7 

El 

ms*m 

m 

Dq2fi 

m 

Dq34 

3 

DQ1 9 

El 

A5 

29 

NC 

Bl 


m 

cqn 

D 

Dqis 

6 

DQ2 

18 

AS 

30 

Vcc 

El 


a 

DQ29 

66 

NC 

7 

DQ20 

19 

NC 

D 

A8 

El 

E 

m 

Dqi2 

67 

PDO 

e 

cqq 

20 

DQ* 

El 

ehh 

** 

RASO 

m 

DQ30 

6 B 

PD1 

9 

cq2i 


Dqj? 

El 

NC 

m 

NC 

m 

DQ 13 

69 

PD 2 

D 



DQ5 

El 


m 

NC 

53 

DQ31 

70 

PD3 

D 



DQ23 

35 

cq26 

w 

* 

IB 

Vcc 

D 

NC 

E 

AO 


DQ6 

36 

DQg 

ID 

mm 

_!L 

Dq3Z 

ED 



PIN NAME 


aO-ab 

Address Inputs 

Dqo-oqss 

Data Input/Outputs 

EE 

Column Address Strobe 


Row Address strobe 

w 

Reed/Write Input 

Vcc 

Power(+6V) 

Vaa 

Ground 

NC 

Mo Connection 

PDO - PD3 

Presence Detect 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 


Inpuc Voltage 


Power Supply Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature . Time 


Power Dissipation 


Short Circuit Output Current 


RECOMMENDED DC OPERATING CONDITIONS (T e =0^70°C) 


SYMBOL | PARAMETER 


V CC I Supply Voltage 


Vjh Input High Voltage 


Input Low Voltage 


DC ELECT?. I CAL CHARACTERISTICS 


SYMBOL 


SYMBOL 

RATING 

UNITS 

VlN 

-1.0 * 7.0 

V 

v OUT 

-1.0 'W.O 

v 

V CC 

-1.0 % 7*0 

V 

t opr 

0 'WO 

°c 

t STG 

-55 W25 

°c 

TsOLDER 

260 • 10 

°C • sec 

Pd 

7. Z 

W 

Pout 

50 

mA 



(Vcc=5V i 5 %, Tc=0 


PARAMETER 



TING CURRENT 

THM362500S-65 

ga Power Supply Operating Current 

THM36 2500S—10 

CAS, Address Cycling: tRC«tRC MIN.) 

THM36 2 500S-12 | 







STANDBY CURRENT 

Power Supply Standby Current 

(RAS=»CAS=VIH) 


HAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 


FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=VIL, CAS Address Cycling: tPC=tPC MIN.) 


STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VCC-0.2V) 


CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 

Mode (RAS, ‘CAS Cycling: tRC-tRC MIN.) 


INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV 4 VIN i 6.5V, All Other Pins not under Test- 


OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV£ VOUT 1 5.25V) 


OUTPUT LEVEL 

Output "H" Level Voltage (IOUT=-5aA) 


OUTPUT LEVEL 

Output "L" Level Voltage (IOUT=<.2nA) 


THM36250QS—85 
THM36250QS-10 
THM362500S-12 


THM362500S-65 


THM362500S—10 


THM362 500S—12 


THM362500S—85 


THM362500S—10 


THM362500S—12 


MIN. MAX 


960 



MAX. 

UNIT 

NOTES 

5.25 

V 

2 

6.5 

V 

2 

0.8 

V 

2 


NITS NOTES 
















































































































































































































































































































THM362500S-85, 10, 12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


TI1H362500S-85 THH362500S-10 | THH362500S-12 


MIN. MAX. | MIN. I MAX.) MIN. MAX. 


0 - I 0 - 0 


SYMBOL 

PARAMETER 

c RCH 

Read Command Hold Time 

t RRH 

Read Command Hold Time 
referenced to RAS 


Write Command Hold Time 

c WCR 

Write Command Hold Time 
referenced to RAS 

C WP 

Write Command Pulse Width 

t RV. , L 

Write Command to RAS Lead 

Time 

c CWL 

Write Command to CAS Lead 

Time 

C DS 

Data Set-Up Time 

C DH 

Data Hold Time 

C DHR 

Data Hold Time referenced to 

RAS 

C REF 

Refresh Period 

C wcs 

Write Command Set-Up Time 


CAS Set-Up Time 
(CAS before RAS Cvcle) 


t . !CAS Hold Time 

j (CAS before RAS Cycle) 


c RPC |RAS to CAS Precharge Time 


c j CAS Precharge Time (CAS be- 

j fore RAS Counter Test Cycle) 


c CPN I CAS Precharge Time 


CAPACITANCE (VCC=5V ± 5 %, 


NOTES 


10 


10 


SYMBOL 

PARAMETER 

CI1 

Input Capacitance (A0~A8) 

Cl 2 

Input Capacitance (W) 

CI3 

Input Capacitance (RASO , RAS2.) 

Cl 4 

Input Capacitance (CASQ~CAS3) 

CDQ1 

I/O Capacitance (DQ0~7,^' V 16,I8 /V 25,27'v34/ 

CbQ.2 

I/O Capacitance (1)08,17,26,35) 




MAX. 

UNIT 

8 8 

pF 

84 

pF 

42 

pF 

36 

pF 

■a 

pF 

22 

pF 















































































































THM362500S-85, 10, 12 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. I CC1> I CC3 > ICC4» I CC6 de ? end on cycle rate. 

4. Icci> ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 KaS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before "RaS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tj=5ns. 

7. Vjy(min.) and Vx^Cmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjg and • 

8. Measured with a load equivalent to 2 TIL loads and iOOpF. 

9. tQpy(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tp^w or t^yu must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tyQs is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If ty^g itycgCmin.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tp£j}(max.) limit insures that t^^Cmax.) can be met. 
tRCD^^x.) is specified as a reference point only: If t^p is greater than 
the specified t^QpjCmax.) limit, then access time is controlled by t^^Q. 

14. Operation within the tg^fmax.) limit insures that t^^Cmiax.) can be met. 
t RAD^ max *) is specified as a reference point only: If tj^p is greater than the 
specified tpjj)(max.) limit, then access time is controlled by t 


— 0238 — 










THM362500S-85, 10, 1 






















THM362500S-85, 10, 


EARLY WRITE CYCLE 


r RC 
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-DE.TAIL OF CONTACTS 


OUTLINE DRAWINGS 


Unit xn mm 


THM362500S 


107.95:0.13 


101.19:0.13 


R 1.57:0.05 



























Static RAMs 




















TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


DESCRIPTION 


TMM2063P-10, TMM2063P-12 
TMM2063P-15 


The TMM2063P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,1 92 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CSi is a logical high or CS 2 is a logical 
low, the device is placed in a low power standby 


mode in which maximum standby current is 10mA. 
Thus the TMM2063P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required, moreover, suitable 
for use in high density assembly as 0.3 inch width 
package is use for. The TMM2063P is fabricated 
with ion implanted N channel silicon gate MOS 
technology for high performance and high reliability. 


• Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2063P-10 

100ns 

80mA 

10mA 

TMM2063P-12 

120ns 

80mA 

10mA 

TMM2063P-1 5 

150ns 

80mA 

10mA 


• High Density Assembly Capability: 0.3 inch 
width package (28 pin plastic DIP) 


PIN CONNECTION 


N.C.I 1 
A12[ 2 
A7| 3 

AO | 4 
A5[ & 

A4 ( 6 

A31 7 

A id I 8 
Alt « 
AO I ±0 
I/Oll H 
1/02 [ 
I/03l13 
ONDl 14 




28 

27 

26h 


v cc 

P WE 

CS2 


P AS 
A9 
All 
) OE 
J A 10 
I CSI 

I 1/08 

l 1/07 

I 1/0 6 
J 1/05 
1 1/04 


PIN NAMES 


SYMBOL 

NAME 

> 

0 

1 

> 

Column Address Inputs 

A 5 ~ Ai 2 

Row Address Inputs 

cs7, CS2 

Chip Select Inputs 

WE 

Write Enable Input 

l/Oi ~l/Oa 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 

N. C. 

No Connection 


• Single 5V Power Supply 

• Fully Static Operation _ 

• Power Down Feature : CSi , CS 2 

• Output Buffer Control : OE 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 

• Inputs Protected : All inputs have protection 

against static charge 


BLOCK DIAGRAM 


CLOCK 

GENERATOR 

H 

PRECHAROE 

CIRCUIT 

_J_L_ 


_1_ 



CS2°—I—\ 
ffslo-<4- ' 


- D-3 - 















TMM2063P-10, TMM2063P-12 
TMM2063P-15 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.5-7.0 

V 

VlN, VOUT 

Input/Output Voltage 

— 0.5* —7.0 

V 

Topr 

Operating Temperature 

o 

; 

-vl 

o 

°C 

Tstg 

Storage Temperature 

-55-150 

°C 

Tsolder 

Soldering Temperature • Time 

260• 10 

°C-sec 

Pd 

Power Dissipation (Ta = 70"C) 

0.8 

W 


* -3.0V at Pulse width 50ns 


D. C. RECOMMENDED OPERATING CONDITIONS (Ta = 0-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 


Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.5** 


0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


* * —3.0V at Pulse width 50ns 


D. C. CHARACTERISTICS (Ta = 0~70‘C, Vcc=5V±lO%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin = 0V—5.5V 

-10 

- 

10 

aA 

VoH 

Output High Voltage 

Iout= — 1 .OmA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

Iout= 2.1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CSi=Vih or CS 2 — Vil or 

WE = Vil or OE = Vih, 

Vout = 0V—5.5V 

-10 

- 

10 

aA 

ISBP 

Peak Power-on Current 

CS7=Vcc, cs 2 =ov 

louT = OmA 

- 

- 

20 

mA 

ISB 

Standby Current 

CSi — Vih or CS 2 = Vil, 
louT=0mA 

- 

- 

10 

mA 

Icc 

Operating Current 

CSi = Vil, CS 2 =Vih, 
lour=OmA 

- 

- 

80 

mA 


CAPACITANCE*** (Ta = 25”C, f= 1.0MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

O 

II 

z 

> 

5 

PF 

CoUT 

Output Capacitance 

< 

H 

II 

O 

< 

10 

PF 


* * * Note : This parameter is periodically sampled and is not 100% tested. 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 


A. C. CHARACTERISTICS (Ta = 0-70'C. Vcc=5V±tO%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2063P-10 

TMM2063P-1 2 

TMM2063P-1 5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CSi Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CS 2 Access Time 

- 

100 

- 

120 

- 

150 

tOE 

OE Access Time 

- 

40 

- 

50 

- 

60 

tOH 

Output Data Hold Time from Address Change 

10 

- 

10 

- 

10 

- 

tCLZ 

CSi or CS 2 to Output in Low-Z 

10 

- 

10 

- 

10 

- 

tCHZ 

CSi or CS 2 to Output in High-Z 

- 

40 

- 

40 

- 

55 

tOLZ 

OE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tOHZ 

OE to Output in High-Z 

- 

35 

- 

35 

- 

50 

tPU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tpo 

Chip Deselection to Power Down Time 

- 

50 

- 

60 

- 

60 


Write Cycle 


SYMBOL 

PARAMETER 

TMM2063P-1 0 

TMM2063P-1 2 

TMM2063P-1 5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

two 

Write Cycle Time 


- 




- 

ns 

tew 

Chip Selection to End of Write 


- 


S 


- 

tAS 

Address Set Up Time 

31 

- 

■3 


' 

- 

tWP 

Write Pulse Width 


- 


- 


- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tos 

Data Set Up Time 

40 

- 


- 

60 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tWLZ 

WE to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tWHZ 

WE to Output in High-Z 

- 


- 

35 


40 


A. C. TEST CONDITIONS 


Input Pulse Levels 

Vih = 2.2V, Vil=0.6V 

Input Rise and Fall Time 

10ns 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTL Gate & C L =100pF 
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TMM2063P-10, TMM2063P-12 
TMM2063P-15 


Note : _ 

1. WE is High for Read Cycle. 

2. Assuming that CSi Low transition or CS 2 High transition occurs coincident with or after WE Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS 2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ, toiz, tWLZ .Output Enable Time 

(B) tcHz, toHz, twHz .Output Disable Time 


WE.CS2 


DquT 


\ 


f 


I 


(A) 


HIGH IMPEDANCE 




®) 


# 


0.15V 
■ 0.15V 


^ Hit 


0.15V 

HI OH IM PEDANCE 
15V 



f 

Fig. 1 Output load condition for enable disable time measurement. 


1.8 left 


1.0 *n 


OUTLINE DRAWINGS 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit: mn 


r 

T T T T T T ? 

X 

< 

( \ R 1.0 

_____ 

.1 1 _ 1 _ 1 ■ 1 

<f> 

<d 

|-I LjJ LU IjJ L|J 14J 14-11L-U I 4 J L+J LU LfJ l+J LlH 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

3 5.5 MAX 




NOTES : Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 

Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 








TOSHIBA BIOS MEMORY PRODUCTS 

TMM2063AP-70, TMM2063AP-10 
DESCRIPTION TMM2063AP-12 

The TMM2063AP is a 65,536 bits high speed and low power static random access 
memory organized as 8,192 words by 8 bits and operates from a single 5V supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a ma ximum access time of 70ns/100ns/120ns and maximum operating current 
of 80mA. When CS1 is logical high or CS2 is a logical low, the device is placed in 
a low power standby mode in which maximum standby current is 10mA. Thus the TMM2063AP 
is most suitable for use in microcomputer peripheral memory where the low power ap¬ 
plications are required, moreover, suitable for use in high density assembly as 0.3 
inch width package is use for. The TMM2063AP is fabricated with ion implanted N 
channel silicon gate MOS technology for high preformance and high reliability. 


FEATURES 


• Access Time and Current 


^"^Parameter 

Part""\_ 

Number 

Access 
Time 
(Max.) 

Operating 
Current 
(Max.) 

Standby 
Current 
(Max.) 

TMM2063AP-70 

70ns 

80mA 

10mA 

TMM2063AP-10 

100ns 

80mA 

10mA 

TMM2063AP-12 

120ns 

80mA 

10mA 


• High Density Assembly Capability: 
0.3 inch width package 
(28 pins plastic DIP) 


• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature: CS1, CS2 

• Output Buffer Control: OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TTL 

Compatible 

• Inputs Protected: All inputs have 

protection against 
static charge. 

BLOCK DIAGRAM 


PIN CONNECTION 



PIN NAMES 


SYMBOL 

NAME 

A0 v A4 

Column Address Inputs 

A5 a, A12 

Row Address Inputs 

CSl, CS2 

Chip Select Inputs 

WE 

Write Enable Input 

1/01^1/08 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 
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TMM2063AP-70, TMM2063AM 0 
TMM2063AP-12 


MAXUMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Power Supply Voltage 

-0.5 ^7.0 

V 


Input Output Voltage 

fSEiSSB 

V 


Operating Temperature 

o 

c 5 

O 

°C 

T stg. 

Storage Temperature 

-55 ^150 

°c 

^solder 

Soldering Temperature • Time 

260 • 10 

°C*sec 

P D 

Power Dissipation (Ta=70°C) 

0.8 

W 


*1 -3.0V at pulse width 50ns 

D.C. RECOMMENDED OPERATING CONDITION (Ta=0%70°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

| 

Input High Voltage 

2.0 

- 


V 

■ I 

Input Low Voltage 


- 

0.8 

V 

v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


*2 -3.0V at pulse width 50ns 

D.C. CHARACTERISTICS (Ta=0^70°C, V CC =5.0V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN . 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

VIN = 0V % 5.5V 

-10 

- 

10 

yA 

V 0H 

Output High Voltage 

IouT =- T•0mA 

2.4 

- 

- 

V 

■ 

Output Low Voltage 

IquT = ^ • 0mA. 

- 

- 

0.4 

V 


Output Leakage Current 

CSl=V IH or CS2=V IL or 

WE=Vjl or 0E=Vjp, 

VoUT = OV n " 5.5V 


■ 

1 

yA 

I SBP 

Peak Power-on Current 

CS1=V CC , CS2=0V, IoUT = 0mA 


B 

. 

mA 

■ 

Standby Current 

CS].=Vj'^ or CS2 =Vjl? IoUT = 0mA 





Mm 

Operating Current 

CS 1=v il, CS2=V ih , I OUT =0mA 




1 


CAPACITANCE * (Ta=25°C, f=1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

ClN 

Input Capacitance 

VlN=0V 

6 

pF 

COUT 

Output Capacitance 

Vin=0V 

10 


* Note: This parameter is periodically sampled and is not 100% tested. 
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PARAMETER 


Read Cycle Time 
Address Access Time 
CSl Access Time 
CS2 Access Time 


OE Access Time 


Output Data Hold Time from 
Address Change 


Output Enable Time from CSl 
or CS2 


Output Disable Time from CSl 
or CS2. 


Output Enable Time from OE 


Output Disable Time from OE 


Chip Selection to Power Up Time 


Chip Deselection to Power Down 
Time 


2063AP-70, TMM2063 
2063AP-12 



SYMBOL 

PARAMETER 

c WC 

Write Cycle Time 

tew 

Chip Selection to End of Write 


Address Set Up Time 


Write Pulse Width 


Write Recovery Time 


Data Set Up Time 


Data Hold Time 


Output Enable Time from WE 


Output Disable Time from WE 




A.C. TEST CONDITIONS 


Input Pulse Levels 

V IH =2.2V, V il =0.6V 

Input Rise and Fall Time 

5NS 

Input and Output Reference Levels 

1.5V 

Output Load 

1 TTL Gate & C L =i00pF 
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TMM2063AP-70, TMM2063AM0 
TMM2063AP-12 

|TIMING WAVEFORMS) 


READ CYCLE (I) 



WRITE CYCLE 1 (4) (WE Controlled Write) 
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Note: 1. WE is High for Read Cycle. 

2. Assuming that CE1 Low transition or CS2 High transition occurs 
coincident with or after WE Low transition, Outputs remain in a 
high impedance state. 

3. Assuming that CE1 High transition or CS2 Low transition occurs 
coincident with or prior to WE High transition. Outputs remain 
in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 

5. These parameters are specified as follows and measured by using 
the load shown in Fig. 1. 

(A) t CLZ> ^OLZ» C WLZ . Output Enable Time 

(B) tcHz» tQHz» twHZ ..* Output Disable Time 



5V 



Fig.l Output load condition for enable disable time measurement. 
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• mm 


Each lead pitch is 2.54mm. All leads are located within 0,25mm 
of their true longitudinal position with respect to No.l and 
No.28 leads. 













TMM2063AP-70, TMM2063AM0 
TMM2063AP-12 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2064P-10, TMM2064P-12 
TMM2064P-15 


DESCRIPTION 

The TMM2064P is a 65,536 bits high speed and 
low power static random access memory organized 
as 8,192 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 100ns/ 
120ns/150ns and maximum operating current of 
80mA. When CSi is a logical high or CS 2 is a logical 


low, the deivce is placed in a low power standby 
mode in which maximum standby current is 10mA. 
Thus the TMM2064P is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2064P is 
fabricated with ion implanted N channel silicon gate 
MOS technology for high perfomance and high reli¬ 
ability. 


FEATURES 

• Access Time and Current 


Parameter 

Part 

Number 

Access 

Time 

(Max.) 

Operating 

Current 

(Max.) 

Standby 

Current 

(Max.) 

TMM2064P-10 

100ns 

80mA 

10mA 

TMM2064P-1 2 

120ns 

80mA 

10mA 

TMM2064P-1 5 

1 50ns 

80 mA 

10mA 


• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature : CSi CS 2 

• Output Buffer Control : OE 

• Three State Outputs 

• All Inputs and Outputs : Directly TTL Compatible 

• Inputs Protected : All inputs have protection 

against static charge. 


PIN CONNECTION 


BLOCK DIAGRAM 


N.C.I 1 
A12I 2 
A7l 3 
A6 ( 4 

A5C 5 
A4C 6 
A3 ( 7 
A2 I 8 
A1 I 9 
AO I 10 
I/OH 11 
1/02(12 
1/031 13 
OND|14 


28 I Vgo 

27 ITe 
26 1 CS2 
25 1 A 8 
24 ) A9 
23 | All 
22 ]-g-g- 
21 ] A10 
20 J c5T 
19 ] 1/08 

18 J 1/07 
17 ] 1/06 
16 J 1/05 
15 j 1/04 


PIN NAMES 


SYMBOL 

NAME 

^4 

< 

1 

0 

< 

Column Address Inputs 

A 5 ' Ai 2 

Row Address Inputs 

cs7, cs 2 

Chip Select Inputs 

WE 

Write Enable Input 

l/Oi — I/Os 

Data Input/Output 

OE 

Output Enable Input 

Vcc 

Power (5V) 

GND 

Ground 

N. C. 

No Connection 


CLOCK 


PRECHAROE 

OENERATOR 


CIRCUIT 

_! _L 


_J_L 




A 6 O- 
A7 O- 


A8 O- 


-t*: 


T2= 


MEMORY CELL 
ARRAY 
256* 32 *8 
(65536) 



1 / 01 ? 


1/08 


WE O 


OE O- 
CS2 0 1 v 

C£TT o—q_ r 
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SYMBOL 


RATING 


Power Supply Voltage 


Input/Output Voltage 


Operating Temperature 


Storage Temperature 


Soldering Temperature • Time 


Tsolder 


Power Dissipation (Ta = 70°C) 


* —3.0V at Pulse width 50ns 


D. C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

-0.5** 

- 

0.8 

V 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 


* * -3.0V at Pulse width 50ns 


D. C, CHARACTERISTICS (Ta=o~70‘C, Vcc=5.0V±i0%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

In 

Input Leakage Current 

Vin=0V~5.5V 

-10 

- 

10 


VoH 

Output High Voltage 

Iout= — 1,0mA 

2.4 

- 

- 

V 

Voi 

Output Low Voltage 

Iout=2. 1 mA 

- 

- 

0.4 

V 

Ilo 

Output Leakage Current 

CSi=Vih or CS 2 — Vil or 
WE=Vil or OE=Vih, 
Vout=0V~5.5V 

-10 

■ 

10 


IsBP 

Peak Power-on Current 



■ 

20 

mA 

ISB 

Standby Current 

CSi = Vih or CS 2 = Vil, 
louT = 0mA 

- 

- 

10 

mA 

Icc 

Operating Current 

E. 

| 

n 

80 

mA 


CAPACITANCE *** <Ta = 25‘C. f=1.0 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

O 

ll 

z 

> 

5 

PF 

COUT 

Output Capacitance 

> 

0 

II 

z 

> 

10 

PF 


* * * Note : This parameter is periodically sampled and is not 100% tested. 
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Tl 

KIM2064P- 

TO. TMM2064M2 

Tl 

■ 

VIM2064P- 

IS 

A. C. CHARACTERISTICS (Ta=o~70°c, Vcc=5V±io%) 



Read Cycle 




PARAMETER 


Read Cycle Time 


Address Access Time 


CSi Access Time 


CS 2 Access Time 


OE Access Time 


Output Data Hold Time from Address Change 




TMM2064P-101 TMM2064P-1 2 | TMM2064P-1 5 
MIN. I MAX. 




OE to Output in Low-Z 


OE to Output in High-Z 

Chip Selection to Power Up Time 


Chip Deselection to Power Down Time 




Write Cycle 


SYMBOL 


PARAMETER 


Write Cycle Time 


tew 

Chip Selection to End of Write 

tAS 

Address Set Up Time 

tWP 

Write Pulse Width 

tWR 

Write Recovery Time 


tDH 

Data Hold Time 

tWLZ 

WE to Output in Low-Z 

tWHZ 

WE to Output in High-Z 



Input Pulse Levels 


Vih = 2.2V, Vil=0.6V 


Input Rise and Fall Time 

10ns 

Input and Output Reference Levels 

1 ,5V 

Output Load 

1 TTL Gate & C L =100pF 
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TMM2064P-10, TNIM2064P-12 

TMM2064P-15 


• WRITE CYCLE 2 (4) (CST Controlled Write) 



• WRITE CYCLE 3 (4) (CS2 Controlled Write) 


t WG 


—\ 

ADDRESSES y 

C_ _ ~~> 

/- 


, tAS -H 


._ 5ffi£ _J 

t WR 




v 7 

W////////////////////A 

CS2 7 



\ _ 

m 

V 

\ 

t cw 




r cw 


-MW 

m 

l 

/ 

W////////////////M 


tCLZ^ 5 ^ 


twHZ(^ 

HIOH IMPEDANCE 

''t 



u OUT 

L_ ^ps . 

t DH , 

d IN 

_ y ^DATA IN STABLE 


— D-21 








TMM2064P-10, TMM2064P-12 
TMM2064P-15 


Note _ 

1 . WE is High for Read Cycle. 

2. Assuming that CSi Low transition or CS 2 High transition occurs coincident with or after WE Low transition. Outputs 
remain in a high impedance state. 

3. Assuming that CSi High transition or CS 2 Low transition occurs coincident with or prior to WE High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

5. These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ, toLz, twLz .Output Enable Time 

(B) tcHZ, toHz, tWHz .Output Disable Time 




Fig. 1 Output load condition for enable disable time measurement. 


OUTLINE DRAWINGS 


Unit; mm 




NOTES : Each lead pitch is 2.54mm. All leads are locatecfwithin 0.25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug.. 1985 Toshiba Corporation 
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TOSHIBA NIOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT CMOS STATIC RAM TC5563APL-10, TC5563APL-12 
SILICON GATE CMOS TC5563APL-15 


DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 100ns/1 20ns/1 50ns. 

When CEz is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2//A typically. The 
TC5563APL has three control inputs. Two chip 
enables (CEi, CE 2 ) allow for device selection and 
data retention control, and an output enable input 

FEATURES 

• Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 

• Standby Current: 100/zA (Max.) Ta-70°C 

• Access Time 

TC5563APL-1 0 : 100ns (Max.) 

TC5563APL-1 2 : 120ns (Max.) 

TC5563APL-1 5 : 150ns (Max.) 

• 5V Single Power Supply 

PIN CONNECTION (TOP VIEW) 


64k bit EPROM 

TC5563APL TMM2764D 

N.C, 

A12 

A7 

A6 
A5 
A4 
A3 
A2 
A1 
AO 
I/Oi 
IZ02 
1/03 
QND 


[i—" 

J - 

28 

1 

VDD 

Vpp 


7 ^ 

J 28 


[2 

27 

3 

R/W 

A12 


2 

27 


t 3 

26 

3 

CE2 

A7 


3 

26 


C 4 

25 

3 

A8 

A6 

c 

4 

25 


C 5 

24 

3 

A9 

A5 

d 

5 

24 


c 6 

23 

3 

All 

A4 

c 

6 

23 


c? 

2? 

3 

OE 

A3 

t 

7 

22 


[8 

21 

3 

A10 

A2 

q 

8 

21 


C9 

20 

J 

C El 

Al 

t 

9 

20 


[10 

19 

3 

1/08 

AO 

( 

11) 

19 


11 

18 

3 

1/07 

00 

t 

1.1 

18 


12 

17 

3 

1/06 

01 

c 

12 

17 


13 

16 

3 

1/05 

02 

[ 

13 

16 


C 14 

15 

3 

1/04 

OND 

c 

14 

15 

3 


PIN NAMES 


Ao —Ai 2 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

ceT, ce 2 

Chip Enable Inputs 

l/Oi-l/Os 

Data Input/Output 

Vdd 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 


PRELIMINARY 


(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro¬ 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 


• Power Down Features : CE2, CEI 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0 — 5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

‘TC5565APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package(SOP) 

'TC5565AFI 


* ) See TC5565APL Technical Date. 


BLOCK DIAGRAM 
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Input High Voltage 


Input Low Voltage 


Data Retention Supply Voltage 


-3.0V at Pulse width 50ns 


D. C and OPERATING CHARACTERISTICS (Ta 0-70C v dd = 5V±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin = 0~Vdd 

- 

- 

±1.0 

aA 

loH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

l0L 

Output Low Current 

Vol = 0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CEi = Vih orCE 2 = Vn or 

R/W = Vn or OE=Vih 

Vout=0~Vdd 

- 

- 

±1.0 

aA 

Iddoi 

Operating Current 

Vdd = 5.5V lout=OmA 

CET =Vil 

CE 2 =Vih 

Other Input 

=Vih/Vil 

tCYCLE —- 1 H S 

- 

- 

10 

mA 

tcYCLE — Min. cycle 

- 

- 

45 

mA 

Id002 

Operating Current 

Vdd = 5.5 V 

CE7=0.2V 

CE 2 =Vdo-0.2V 

Other Input lout=OmA 

= Vdd-0.2V/0.2V 

tCYCLE = 1 fiS 

- 

- 

5 

mA 

tcYCLE = Min. cycle 

- 

- 

40 

mA 

Iddsi 

Standby Current 

CEi — Vih orCE 2 = Vn 

- 

- 

3 

mA 

*IdDS2 

Standby Current 


■ 


100 

aA 


* : In standby mode with CEi^Vdo- 0.2V, these specification limits are guaranteed under the condition of CE2 ^Vdd- 0.2V or 


































TC5563APL-10, TC5563APL-12 
TC5563APL-15 


CAPACITANCE (Ta=26'C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

pF 

COUT 

Output Capacitance 

Vout = GND 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 


A. C. CHARACTERISTICS (Ta = 0~70'C, v dd =5V±io%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 

TC5563APL-1 2 

TC5563APL-1 5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 


100 

- 

120 

- 

1 50 

ns 

tcoi 

CE1 Access Time 

_ 

100 

- 

120 

_ 

1 50 

ns 

tC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

ns 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 

ns 

tCOE 

Chip Enable (CEl, CE2) to 

Output in Low-Z 

10 

- 

10 

- 

15 

- 

ns 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

too 

Chip Enable (CEl , CE2) to Output in High-Z 

- 

35 

- 

40 


50 

ns 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tOH 

Output Data Hold Time 

20 

- 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 

TC5563APL-12 

TC5563APL-1 5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 


120 

- 

150 

- 

ns 

tWP 

Write Pulse Width 

60 


70 


90 

- 

ns 

tew 

Chip Selection to End of Write 

80 


85 

- 

100 

- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 

0 


ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

tODW 

R/W to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tOEW 

R/W to Output in Low-Z 

5 

- 

5 

- 

10 

- 

ns 

tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 


: 10OpF 4-1 TTL Gate 
: 0.6V, 2.4V 
Vin : 0.8V, 2.2V 
Vout : 0.8V, 2.2V 
: 5ns 
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tQDO 


OUTPUT DATA VALID 
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• READ CYCLE (1) 


ADDRESSES 





































• CE2 Controlled Data Retention Mode (3) 





















TCS563APL-10, TC5563APL-12 
TC5563APL-15 


Note : 

1 . In CETcontrolled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2V or CE 2 SV 0 D — 0.2V. 

2. If the Vih of CE7 is 2.2 V in operation , Idds, current flows during the period that the Vdd voltage is going down 
from 4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 
2 V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology, thus the internal operation 
is synchronous. Then once row address change occur, the precharge operation is executed by internal pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as shown 
in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 0.1/iF. decoupling 
capacitor for every device is recommended to eliminate such noise. 


ADDRESSES 


: DDO 
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n: 
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V DD =H5V 
V ih =5.3V 
V it = Q.2V 

Horizon 200nS/div 


Fig. TYPICAL CURRENT WAVEFORMS 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5563APL-1OL, TC5563APL-12L 
TC5563APL-15L 


PRELIMINARY 


DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 10Ons/ 120ns/150ns. When CE 2 is a 
logical low or CEi is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0.6^A typically. The TC5563APL has three 
control inputs. Two chip enables (CEi, CE 2 ) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 

FEATURES 

• Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 

• Standby Current: 1//A (Max.) Ta = 25°C 

• Access Time 

TC5563APL-1 OL : 100ns (Max.) 

TC5563APL-1 2L : 120ns (Max.) 

TC5563APL-15L : 150ns (Max.) 


access. Thus the TC5563APL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 


• 5V Single Power Supply _ 

• Power Down Features : CE2, CEI 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0— 5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


PIN CONNECTION (TOP VIEW) 


TC5563APL 


64k bit EPROM 
TMM2764D 


N.C. 

t 

V 

1 

38 

1 

VDD 

Vpp[ 

T” N 

28 3 

A1 2 

[ 

2 

27 

j 

R/W 

Al2t 

2 

27 ] 

A7 

t 

3 

26 

i 

CE2 

A7I 

3 

26 ] 

A6 

t 

4 

25 

) 

A8 

A6 [ 

4 

25 ] 

A5 

[ 

5 

24 

] 

A9 

A 5 [ 

5 

24 ] 

A4 

t 

6 

23 

1 

All 

A4I 

6 

23 ] 

A3 

[ 

7 

22 

j 

Ce~ 

A3I 

7 

22 J 

A2 

t 

8 

21 

j 

A10 

A2l 

8 

21 3 

A1 

I 

9 

20 

i 

CEi 

All 

9 

20 ] 

AO 

( 

10 

19 

) 

1/08 

A0[ 

10 

19 J 

1/01 

t 

11 

18 

) 

1/07 

00[ 

11 

18] 

1/02 

t 

12 

17 

] 

1/06 

oil 

12 

17 ] 

I/O 3 

C 

13 

16 

] 

1/05 

02 [ 

13 

16 ] 

OND 

t 

14 

15 

i 

I/O4 

0ND[ 

14 

15 ] 


PIN NAMES 


< 

O 

< 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

ce7, ce 2 

Chip Enable Inputs 

l/0i~l/08 

Data Input/Output 

Vdd 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 


Package Type 

Device Name 

600 mil DIP 

‘TC5565APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package(SOP) 

‘TC5565AFL. 


* : See TC5565APL/AFL Technical Date. 


BLOCK DIAGRAM 
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TC5563APL-10L, 1 APL-12L 

TC5563APL-15L " 


OPERATION MODE 


OPERATION MODE 


ce 2 

OE 

R/W 

l/0,-l/0 8 

POWER 

Read 

L 

H 

L 

H 

Dout 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

Idds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 


Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-0.3* —7.0 

V 

Vi/o 

Input and Output Voltage 

— 0.5—Vdd+O. 5 

V 

Pd 

Power Dissipation 

0.8 

W 

Tsolder 

Soldering Temperature 

260-10 


Tstg 

Storage Temperature 

-55-150 

•c 

Topr 

Operating Temperature 

0-70 

“C 


* : -3.0V at Pulse width 50ns 



SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd+O. 3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : -3.0V at Pulse width 50ns 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 


D. C and OPERATING CHARACTERISTICS (Ta=0~70’C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

In 

Input Leakage Current 

Q 

Q 

> 

1 

o 

II 

2 

- 

- 

±1.0 

//A 

l0H 

Output High Current 

Voh = 2.4V 

-1.0 

- 

- 

mA 

loL 

Output Low Current 

Vol = 0.4 V 

4.0 

• - 

- 

mA 

Ilo 

Output Leakage Current 

CEi = Vih or CE 2 =Vil or 

R/W=Vil or OE = Vih 

Vout=0~Vdd 

- 

- 

±1 .0 

*A 

Iddoi 

operating Current 

Vdd = 5.5V lout=OmA 

CE7=Vil 

CE 2 = Vih 

Other lnput=V ih/Vil 

tCYCLE — 1/*S 

- 

- 

10 

mA 

tcYCLE = Min. cycle 

- 

- 

45 

Id002 

Operating Current 

Vdd = 5.5 V 

CE7=0.2V 

CE 2 =Vdd—0.2V 

Other Input .lout=OmA 

=Vdd—0.2V/0.2V 

tCYCLE = 1//S 

- 

- 

5 

mA 

tCYCLE = Min. cycle 


- 

40 

Iddsi 

Standby Current 

CEi = Vih or CE 2 = Vil 

- 

- 

3 

mA 

*IoDS2 

Standby Current 

CEi=Voo— 0.2V or 

CE 2 =0.2V 

Ta = 25“C 

- 

0.6 

1 .0 

„A 

Ta = 0~70°C 

- 

- 

30 


* : In standby mode with CEi^Vdd-0.2V, these specification limits are guaranteed under the condition of CE 2 SVdd-0.2V or 
CE 2 ^0.2V 


‘ACITANCE (Ta = 25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

pF 

COUT 

Output Capacitance 

Vout = GND 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 
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TG5563APL-10 

TC5563APL-15 


A. C. CHARACTERISTICS 

Read Cycle 


(Ta = 0~70°C, Vdd = 5V± 10%) 


TC5563APL-10L TC5563APL-12L TC5563APL-15L 




MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CE1 Access Time 

- 

100 

- 

120 

- 

150 

tC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 


Chip Enable (CE1 , CE2) to 
Output in Low-Z 

Output Enable to Output in Low-Z 
Chip Enable (CE1 , CE2) to Output in High-Z 
Output Enable to Output in High-Z 
Output Data Hold Time 



Write Cycle 



Write Cycle Time 


Write Pulse Width 
Chip Selection to End of Write 
Address Set up Time 
Write Recovery Time 
R/W to Output in High-Z 
R/W to Output in Low-Z 
Data Set Up Time 
Data Hold Time 



A. C. TEST CONDITIONS 

Output Load 
Input Pulse Level 

Timing Measurement V 

Reference Level Voi 


100pF+ 1 TTL Gate 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.2V 
5ns 













TIMING WAVEFORMS 

• READ CYCLE (1) 


tRC 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 












TC5563APL-10L, TC5563APL-12L 
TC5563API-15L 


• WRITE CYCLE 2 (4) (CE, Controlled Write) 


t WC 



• WRITE CYCLE 3 (4) (CE 2 Controlled Write) 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 


Note : 

1. R/W is High for Read Cycle. 

2. Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/W Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occures coincident with or prior to R/W High transition. 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS Ta = 0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdDS2 

Stand by Supply Current 

Vdd = 3.0V 

— 

— 

15 

^A 

Vdd = 5.5V 

- 

- 

30 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

JUS 

tR 

Recovery Time 

tRC* 

_ 

- 

- 

ns 


* : Read cycle time. 


• CEI Controlled Data Retention Mode (1) 



• CE2 Controlled Data Retention Mode (3) 
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TC5563APL-10L, TC5563APL-12L 
TC5563APL-15L 

Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE2s=VDD —0.2V. 

2. If the Vih of CEi is 2.2 V in operation, Iddsi current flows during the period that the Vdq voltage is going down from 
4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


DEVICE INFORMATION 


The TC5563APL/F is an asynchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
1//F decoupling capacitor for every device is 
recommended to eliminate such noise. 


ADDRESSES 

60 

40 

I DDO 

( idA ) 20 

0 

Fig. TYPICAL CURRENT WAVEFORMS 
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X2 


















V DD =Jx5V 

V IH =&3V 

Vi L =Q2V 

Horizon 100nS/div 


• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described , no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words 
by 8 bits using CMOS technology, and operates from a single 5V supply. Advanced cir¬ 
cuit techniques provide both high speed and low power features with a maximum operat¬ 
ing current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE2 is a logical low or CE1 is a logical high, the device is placed in low power 
standby mode in which standby current is 2pA typically. The TC5565APL/AFL has three 
control inputs. Two chip enable (CE1, CE2) allow for device selection and data re¬ 
tention control, and an output enable input (OE) provides fast memory access. Thus 
the TC5565APL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM2764D). 

RAM and EPROM are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of RAM versus EPROM in microprocessor application 
systems. The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 

FEATURES 

~ Low Power Dissipation . Directly TTL Compatible 

27.5mW/MHz(Max.) Operating : All Inputs and Outputs 

. Standby Current : 100yA(Max.) Ta=70°C . Pin Compatible with 2764 type EPROM 



. Access Time 

TC5565APL/AFL-10 : 100ns(Max.) 
TC5565APL/AFL-12 : 120ns(Max.) 
TC5565APL/AFL-15 : 150ns(Max.) 

. 5V Single Power Supply 
. Power Down Features: C£2, CE1 
. Fully Static Operation 

. Data Retention Supply Voltage: 2.0-5.5V 


. TC5565APL Family (Package Type) 


Package Type 
600 mil DIP 

Device Name 
TC5565APL 

300 mil DIP 
(Slim Package) 

*TC5563APL 

Flat Package 
(SOP) 

TC5565AFL 


*) See TC5563APL Technical Data. 


[PIN CONNECTION! (TOP VIEW) 


641c Mt EPROM 


BLOCK DIAGRAM 


TG5565AP1V AFL TMM2764D 


N.C. C 

T“' w 

28 

A12 c 

£ 

27 

A 7 C 

3 

26 

A6 C 

4 

25 

A5 C 

5 

24 

A 4 C 

6 

23 

A3 t 

7 

22 

A2 C 

8 

21 

ai d 

9 

20 

AO C 

10 

19 

I/Oi C 

11 

18 

I/0 2C 

12 

17 

i/o 3 q 

13 

16 

QNDC 

14 

13 

PIN NAMES 



V DD 

Vpp c 


28] 

R/W 

A12 C 

2 

27] 

ce 2 

A7 c 

3 

263 

A0 

Ag * 

4 

25] 

a 9 

a 5 c 

5 

£4 

A 11 

A4 t 

6 

23: 

0E 

A3 ( 

7 

22: 

Am 

sSTi 

A 2 C 

Ai I 

8 

9 

21 

20 

I/Os 

Ag I 

10 

19 

I/0 7 

0 0 t 

n 

18 

r/o 6 

°1 t 

12 

17 

i/o 5 

°2 £ 

10 

16 

i/o 4 

OKU C 

14 

15 


A0-A12 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE1,CE2 

Chip Enable Inputs 

I/01-I/08 

Data Input/Output 

VDD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 
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OPERATION MODE 

CEl 

CE2 

OE 

R/W 

I/01-I/08 

POWER 

Read 

L 

H 

L 

H 

DOUT 

IDDO 

Write 

L 

H 

* 

L 

din 

IDDO 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

S tandby 

H 

k 

* 

* 

High-Z 

Idds 

* 

L 

* 

k 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3-7.0 

V 

VIN 

Input Voltage 

*-0.3-7.0 

V 

vi/o 

Input and Output Voltage 

-0.5-VddtI-O. 5 

V 

PD 

Power Dissipation 

1.0/0.6** 

W 

Tsolder 

Soldering Temperature 

260-10 

°C•sec 

Tstg 

Storage Temperature 

-55-150 

°C 

T opr 

Operating Temperature 

0-70 

°C 


* -3.0V at pulse width 50ns MAX. ** Flat package 


D.C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VDD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V IH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

VDH 

Data-Retention Supply Voltage 

2.0 

- 

5.5 

V 





























































































D.C and OPERATING CHARACTERISTICS (Ta=0~70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage 
Current 

vin = o~vdd 

B 

B 

±1.0 

UA 

I OH 

Output High Current 

Vq H =2.4V 

-1.0 

- 

- 

mA 

lOL 

Output Low Current 

V O l=0.4V 

4.0 

- 

- 

mA 

I LO 

Output Leakage 
Current 

CEi=Vih or CE2 =Vol °r 

R/W=Vxl or 0 E=Vxh 
vout = o~v D d 

■ 

■ 

±1.0 

yA 

I DD01 

Operating Current 

V DD =5.5V 

cei=vi L 

CE2=Vih 

Other input= 

Vih/Vil 

t cycle~T.Oys 

- 

- 

10 

mA 

TC5565APL-10 

TC5565AFL-10 

tcycle 

=100ns 

B 

B 

45 

mA 

TC5565APL-12 

TC5565AFL-12 

BB 

B 

B 

40 

mA 

TC5565APL-15 

TC5565AFL-15 

C cycle 

=150ns 

B 

B 

35 

mA 

!dD02 

Vdd*5.5V 

CEx=0.2V 

CE2=Vdd-0.2V 

Other input= 

V dd -0.2V/0.2V 

tcycle®!- 

- 

- 

5 

mA 

TC5565APL-10 

TC5565AFL-10 

—l 

H 


B 

40 

mA 

TC5565APL-12 

TC5565AFL-12 

B 

B 

B 

35 

mA 

TC5565APL-15 

TC5565AFL-15 


B 

B 

30 

mA 

iddsi 

Standby Current 

CEi=Vih or CE2 ss Vil 

- 

- 

3 

mA 

* i DDS2 

CEi=Vj)D - 0• 2V or 

CE2=0.2V 

V DD «5.5V 

- 

2 

100 

yA 

V D d=3.0V 

- 

1 

50 

yA 


Note * : In standby pode with CEl^; Vdd- 0.2V, these specification limits are guaranteed 
under the-condition of CE2 ^Vdd~ 0.2V or CE2£s0.2V. 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin=GND 

- 

- 

10 

pF 

COUT 

Output Capacitance 

^0UT“GND 

- 

- 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 
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C5565APL-10, TC55| 

5565AFL-10, TC556 


“ .•"TTS i'~y ■ 


A.C. CHARACTERISTICS (Ta=0^70°C, V DD =5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

t RC 

Read Cycle Time 

c ACC 

Address Access Time 

tcoi 

CEl Access Time 

c C02 

CE2 Access Time 

tOE 

Output Enable to Output Valid 

c COE 

Chip Enable (CEl, CE2) to 

Output in Low-Z 

c OEE 

Output Enable to Output in Low-Z 

tOD 

Chip Enable (CEl, CE2) to 

Output in High-Z 

tODO 

Output Enable to Output in High-Z 

c OH 

Output Data Hold Time 


Write Cycle 

SYMBOL 

PARAMETER 

ewe 

Write Cycle Time 

twp 

Write Pulse Width 

tew 

Chip Selection to End of Write 

C AS 

Address Set up Time 

tWR 

Write Recovery Time 

tODW 

R/W to Output High-Z 

tOEW 

R/W to OutfKit Low-Z 

C DS 

Data Set up Time 

C DH 

Data Hold Time 


TC5565APL-10 TC5565APL-12 TC5565APL-15 
TC5565AFL-10 TC5565AFL-12 TC5565AFL-15 ^IT 



TC5565APL-10 TC5565APL-12 TC5565APL-15 
TC5565AFL-10 TC5565AFL-12 TC5565AFL-15 UNIT 











































































































































TIMING WAVEFORMS 


















TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5505AFL-12, TC5565AFL-15 




WRITE CYCLE 2 (4) (CT| Controlled Write) 


ADDRESSES 


V IH — 
VlL — 


▼IH — 
V IL - 







TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5S65AFL-10, TC5565AFL-12, TC5565AFL-15 


Note 1. R/W is High for Read Cycle. 

2. Assuming that CEl Low transition of CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEl High transition or CE2 Low transition occure coincident 
with or prior to R/W High transition. Outputs remain in a high impedance 
s tate. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

I DDS2 

Stand by Supply Current 

V DD =3.0V 

- 

- 

50 

UA 

V D D=5.5V 

- 

- 

100 

c CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

US 

tR 

Recovery Time 

tRC(l) 

- 

- 

US 


Note (1) : Read cycle time. 


CE] Controlled Data Retention Mode (2) 



CE2 Controlled Data Retention Mode (4) 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


Note 2 : In CEl controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2^0.2V or CE2 2V. 

3 : If the Vih of CEl is 2.2V in operation, Ipcsi current flows during the 

period that the Vj)D voltage is going down from 4.5V to 2.4V. 

4 : In CE 2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2^0.2V. 

DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology 
thus the internal operation is synchronous. Then once row address change occur, 
the precharge operation is executed by internal pulse generated from row address 
transient. Therefore the peak current flows only after row address change, as 
shown in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 
O.lyF decoupling capacitor for every device is recommended to eliminate such noise 


ADDRESSES 


x DDO 

(mA) 



vdd=«v 

V ih =&3V 

Y IL = a2v 

Horizon lOOne/div 


Pig. TYPICAL CURRENT WAVEFORMS 





Note) Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 



Note) Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 































TCS565APL-10, TCS565APL-12, TCS565APL-15 
TC5565AFL-10, TC5565AFI-12, TC5565AFL-15 




TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


£ DESCRIPTION 

• ' The TC5565APL/AFL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/'MHz and maximum 
access time of 1_00ns/1 20ns/1 50ns. When CE?_ is a 
logical low or CEi is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0.6/zA typically. The TC5565APL/AFL has 
three control inputs. Two chip enables (CE.i, CE 2 ) 
allow for device selection and data retention control, 
and an output enable input (OE) provides fast mem¬ 


ory access. Thus the TC5565APL/AFL is suitable for 
use in various microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/AFL also features pin compati¬ 
bility with the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM iri microprocessor 
application systems. 

The TC5565APL is offered in a dual-in-line 28 pin 
standard plastic package. The TC5565AFL is offered 
in 28 pin mini flat package. 


FEATURES 

• Low Power Dissipation 
27.5mW/MFIz (Max.) Operating 

• Standby Current : 1 m A (Max.) Ta = 25°C 

• Access Time 

TC5565APL/AFL-1OL : 100ns (Max.) 
TC5565APL/AFL-1 2L : 120ns (Max.) 
TC5565APL/AFL-1 5L : 150ns (Max.) 


PIN CONNECTION (TOP VIEW) 


TC5565APL/AFL 


PIN NAMES 


64K bit EPRO:.i 
TMM2764D 


- V 

C 1 

28 

] VDD 

VPPE 

\ 

28 

E 2 

27 

] R/V 

A120 

2 

27 

C 3 

26 

J CE2 

A? E 

3 

26 

E 4 

25 

J A8 

A6l 

4 

25 

E 5 

24 

) A9 

A 5 E 

5 

24 

[ 6 

23 

) All 

A4d 

6 

23 

E 7 

22 

J t>E~ 

A3E 

7 

22 

E 8 

21 

] A10 

A2E 

8 

21 

C 9 

20 

J CEi 

a 1E 

9 

20 

E 10 

19 

) 1/08 

AOE 

10 

19 ] 

dn 

18 

) X/O 7 

00[ 

11 

18] 

12 

17 

J 1/06 

Oil 

12 

17] 

13 

16 

3 I./O 5 

02C 

13 

16 ] 

14 

15 

I /04 

GNDC 

14 

15 ] 


> 

O 

l 

> 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

Ol 

m 

0 

m 

Chip Enable Inputs 

0 

7 

5 

Data Inputs/Outputs 

Vdd 

Power (+5V) 

GND 

Ground 

N. C. 

No Connection 


• 5V Single Power Supply 

• Power Down Features : CE2, CEI 
» Fully Static Operation 

» Data'Retention Supply Voltage : 2.0 —5.5V 
» Directly TTL Compatible 
: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 
» TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

TC5565APL 

300 mil DIP 
(Slim Package) 

‘TC5563APL 

Flat Packace(SOP) 

TC5565AFL 


* : See TC5563APL Technical Date. 


BLOCK DIAGRAM 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-1SL 


OPERATION MODE 


OPERATION MODE 

ce, 

ce 2 

OE 

R/W 

l/Ox — l/O, 

POWER 

Read 

L 

H 

L 

H 

Dout 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

Idds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

Vin 

Input Voltage 

—0.3* —7.0 

V 

Vi/o 

Input and Output Voltage 

— 0.5—Vdd+0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

Tsol.de r 

Soldering Temperature 

260-10 

C-Sec 

Tstg 

Storage Temperature 

-55-150 

°C 

Topr 

Operating Temperature 

o 

l 

o 

•c 


* : —3.0V at Pulse width 50ns Max. 

* * : Flat package 


D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



VoD 

Power Supply Voltage 

4.5 

5.0 

5.5 


VlH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : —3.0V at Pulse width 50ns Max. 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


D. C.and OPERATING CHARACTERISTICS (Ta=0~70C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

11L 

Input Leakage Current 

V|N = 0~ Vdd 

- 

- 

± 10 

ma 

'oh 

Output High Current 

V 0 h = 2.4V 

-10 

- 

- 

mA 

lOL 

Output Low Current 

V 0 L = 0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 


■ 

■ 

± 1.0 

juA 

Iddoi 

Operating Current 

Vdd = 5.5V 

CE, = V IL 

CE 2 = V|h 

Other input = 
Vih/Vil 

1 out = OmA 

tcycle — 1-OjLtS 

- 


10 

mA 

TC5563APL-10 
TC5563AFL-10 

tcycle “* 100ns 

- 

B 

45 

mA 

TC5563APL-12 
TC5563AF L-12 

tcycle = 120ns 

- 

- 

40 

mA 

TC5563APL-15 

TC5563AFL-15 

tcycle = 150ns 

- 

B 

35 

mA 

1 DD02 

Vdd = 5.5V 

CE, = 0.2V 

CE 2 = Vdd— 0.2V 
Other input = 
V DD -0.2V/0.2V 
IquT = OmA 



- 

- 

5 

mA 

TC5563APL-10 
TC5563AFL-10 

tcycle * 100ns 

- 

- 

40 

mA 

TC5563APL-12 
TC5563AFL-12 

tcycle = 120ns 

B 

B 

35 

mA 

TC5563APL-15 

TC5563AFL-15 

tcycle = 150ns 



30 

mA 

Iddsi 

Standby Current 


- 

- 

3 

mA 

* 1 DDS2 

Standby Current 

CE, = V DD —0.2V or 

CE 2 = 0.2V 

Ta = 25° C 

- 

0.6 

1.0 

ma 

Ta = 0 ~ 70° C 

- 

- 

30 


: In standby mode with CE, ^ Vqq— 0.2V, these specification limits are guaranteed under the condition of CE 2 ^ Vqd~ 0.2V 
or CE 2 < 0.2V. 


CAPACITANCE (Ta=25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout=GND 

1° 

PF 


Note : This parameter periodically sampled is not 100% tested. 










































































TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TG5565AFL-12L, TC5565AFL-15L 



Read Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10L 

TC5565AFL-10L 

TC5565APL-12L 

TC5565AFI.-12L 

TC5565APL-15L 

TC5565AFL-15L 







MAX. 

tRC 

Read Cycle Time 

100 


120 

mm 


Si 

ns 

i 

tACC 

Address Access Time 

- 


- 

mzn 

■ 


tcoi 

CE1 Access Time 


100 

- 

MEM 


■rj* 

tC02 

CE2 Access Time 

- 


- 

120 


150 

tOE 

Output Enable to Output Valid 

- 





70 

tcOE 

Chip Enable (CET, CE2) to 

Output in Low-Z 

10 

1 


1 


■ 

tOEE 

Output Enable to Output in Low-Z 

5 


■ 


5 


tOD 

Chip Enable (CE1 , CE2) to Output in High-Z 

- 

■ 

- 



50 

tODO 

Output Enable to Output in High-Z 

- 

msm 

- 


■ 

50 

ton 

Output Data Hold Time 

20 


20H 

in 

20 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10L 

TC5565AFL-10L 

TC5565APL-12L 
TC5565AFL-12L 

TC5565APL-15L 
TC5565AFL-15L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 


twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tWP 

Write Pulse Width 

60 

- 

70 

- 

90 

- 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 


- 

tAS 

Address Set up Time 

0 

- 

0 

- 


- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tODW 

R/W to Output in High-Z 

- 

35 

- 

40 


50 

tOEW 

R/W to Output in Low-Z 

5 

- 

5 


10 

- 

tDS 

Data Set Up Time 

40 

- 

50 

- 

60 

- 

tDH 

Data Hold Time 

0 

- 

0 


0 

- 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 

tr. tf 


: IOOpF + 1 TTL Gate 
: 0.6V, 2.4V 
Vin : 0.8V, 2.2V 
Vout : 0.8V, 2.2V 
: 5ns 


D-52 
















































TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 

TIMING WAVEFORMS 

• READ CYCLE (1) 


ADDRESSES 


CE 2 


OEj. 


d out 


tRC 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 


ADDRESSES 


R/W 


CE 2 


CEi 


d OUT 


Dim 


■t-WC 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


Note : 

1 . R/W is High for Read Cycle. 

2 . Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/W Low transition, Outputs 

remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occure coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta = 0~70C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 


5.5 

V 

1 DDS2 

Stand by Supply Current 

Vdd = 3.0V 

- 


1 5 

aA 

Vdd = 5.5V 

- 

- 

30 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

JjS 

tR 

Recovery Time 

tRC* 

- 


MS 


* : Read cycle time. 


• CEi Controlled Data Retention Mode (1) 



• CE 2 Controlled Data Retention Mode (3) 
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TG5565APL-10L, TC5565APL-12L, TG5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 

Note : 

1. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE2j=VDD —0.2V. 

2. If the Vih of CEi is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


DEVICE INFORMATION 

The TC5565APL/AFL is an asynchronous RAM 
using address activated circuit technology, thus the 
internal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on V D d/GND lines. Thus the use of about 
0.1/uF decoupling capacitor for every device is 
recommended to eliminate such noise. 


ADDRESSES 

60 

40 

X DDO 

(raA) 20 
0 

Fig. TYPICAL CURRENT WAVEFORMS 



Vdd=^V 

v IH =5k3V 

Vn=Q2V 

Horizon lOOnS/div 


• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


Note 



Lead pitch is 2.54 and tolerance is ±0725 against theoretical center of each lead that is obtained on the basis 


of No.1 and No.28 leads. 


« MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 

nnnnnnnnnnnnnn 



mnnm uuuuuuuuu 


Unit in mm 




1.27±Q05 ?. 


a 




Note : Lead pitch is 1 .27 and tolerance is ±0.1 2 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1S86 Toshiba Corporation 
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TOSHIBA NIOS MEMORY PRODUCT! 


8,192 WORD X 8 BIT CMOS STATIC RAM 


TC5564APL-15,TC5564APL-20 
TC5564AFL-15,TC5564AFL-20 


PRELIMINARY 


DESCRIPTION 

TC5564APL is 65536 bits static random access 
memory organized as 8192 words by 8 bits using 
CMOS technology, and operates with a single 5V 
power supply. 

Advanced circuit techniques provides low power 
feature with a maximum operating of 5mA/MHz. 
Operation current depends on cycle time. 

TC55 64AP L has three control inputs. Two chip 
enables (CE1 , CE2) allow for device selection and 
data retention control. Output enable (OE) input 
provides fast memory access. When device is placed 
in standby mode with chip off state, standby current 


is typically 0.01//A. So the TC5564APL is suitable 
for use in various microprocessor application sys¬ 
tems where low power and battery back up are 
required. Ultra low standby power allow not only 
battery but capacitance backup. 

Pin assignment of TC5564APL is pin-compatible 
with the 64K bits EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

TC5564APL is offered in both a standard dual-in¬ 
line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic fiat package. 


FEATURES 

• Low Power Dissipation 

5mA/MHz (MAX.) Operating 

0.2/zA (MAX.) at Ta = 25°C Standby 
1 .0//A (MAX.) at Ta = 60°C Standby 

• 5V Single Power Supply 

• Fully Static Operation 

® Data Retention Voltage : 2.0 —5.5V 

• Plastic DIP and Plastic Flat Package 

• Pin Compatible with 2764 type EPROM 


• Access Time 



TC5564APL-15 

TC5564AF L-l 5 

TC5564APL-20 

TC5564A F L-20 

Address Access Time 
(MAX.) 

150ns 

200ns 

CE1 Access Time 
(MAX.) 

150ns 

200ns 

CE2 Access Time 
(MAX.) 

150ns 

200ns 

OE Access Time 
(MAX.) 

70ns 

100ns 


• Directly TTL Compatible : All Inputs and Outputs 

• Wide Temperature Operation : —40 —85°C 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


TC5564APL 







PIN NAMES 


OPERATING 


MODE 


Ao Ai 2 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CET, CE2 

Chip Enable Inputs 

1/01 —1/08 

Data Input/Output 

Voo 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 








Power 

Read 

L 


L 


Dout 



L 


* 

.._ L _ 

Din 

Iddo 

Output Deselect 

* 

B 

O 


High-Z 


Standby 

D 

H 

H 


n 

Idds 

D 

D 

D 


a 

Idds 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

*Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-0.3**~Vdd 

V 

Vi/o 

Input and Output Voltage 

—0.5~Vdd+0.5 

V 

Po 

Power Dissipation 

1 .0(0.6)*** 

W 

Tsolder 

Soldering Temperature 

260-10 

°C-sec 

Tstg 

Storage Temperature 

-55-150 

•c 

Topr 

Operating Temperature 

-40-85 

•c 


* 8.5V at 100ns, 

* * -3.0V Pulse width 50ns 

* * * SOP 



SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

Vih 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* — 3.0V Pulse width 50ns 


O. C and OPERATING CHARACTERISTICS (Ta = —40—85°C, Vdd = 5V±10% Unless other wise noted) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

IlN 

Input Leakage Current 

Vin=0— Vdd 

- 

- 

±1.0 


lOH 

Output High Current 

V 0 h = 2.4V 

-1 .0 

- 

- 

mA 

lot 

Output Low Current 

Vol=0.4V 

4.0 

- 

- 

mA 

VoH 

Output High Voltage 

Ioh — 2.0 fit A 

Vdd— 0.1 

- 

- 

V 

VOL 

Output Low Voltage 

Iol=20//A 

- 

- 

0.1 

V 

lio 

Output Leakage Current 

CET=Vih or CE2 = Vil or 

R/W=Vil 

or OE=Vih, Vout=0— Vdd 

- 

■ 
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TCS564APL-15, TC5564APL-20 
TC5564AFL-15, TC5564AFL-20 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

loooi 

Operating Current 

CE1 =Vn and CE2 = 

Vih Other lnput= 

Vih/Vil 

louT=OmA 

tcycle — 1 //S 

- 

- 

10 

mA 

MIN CYCLE 

TC5564APL-15 
TC5564AF L-15 

- 

- 

40 

TC5564APL-20 

TC5564AFL-20 

- 

- 

35 

IDD02 

Operating Current 

CET=0.2V and 

CE2 = Vdd —0.2V, 
Other Input 
= Vdd —0.2V/0.2V 
Iout = OmA duty 100% 

tcycle — 1 J/S 

- 

- 

5 

mA 

MIN CYCLE 

TC5564APL-15 

TC5564AFL-15 

- 

- 

35 

TC5564APL-20 
TC5564AF L-20 


- 

30 

Iddsi 

Standby Current 

CE1 — Vih or CE2 = Vil 

- 

- 

2 

mA 

IdOS2 

Standby Current 

CEi=Vdd- 0.2V or 

CE2=0.2V 

Vdd=2.0~5.5V 

Ta = 25°C 

- 

0.01 

0.2 

aA 

Ta = 60°C 

- 

- 

1 .0 


Note : (1) In standby mode with CE1 ^Voo—0.2V, these specification limits are guaranteed under the 
condition of CE2 ^Vdd —0.2V or CE2^0.2V. 

(2) All voltage is measured from GND. 


CAPACfTANCE (Ta = 25°C, f= 1 MHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout = GND 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 
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TC5564APL-15, TC55B4APL-20 

TC5564AFL-15, TC5564AFL-20 


A. C. CHARACTERISTICS 


READ CYCLE 


SYMBOL 

PARAMETER 

TC5564APL-15 
TC5564AFL-15 

TC5564APL-20 

TC5564AFL-20 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

150 

- 

200 

- 


tACC 

Address Access Time 

- 

150 

- 

200 


tcoi 

CE1 Access Time 

- 

150 

- 

200 


tC02 

CE2 Access Time 

- 

150 

- 

200 


tOE 

Output Enable to Output in Valid 

- 

70 

- 

100 

ns 

tcOE 

Chip Enable to (CET, CE2) 

Output in Low-Z 

10 

- 

10 

- 

tOEE 

Output Enable to Output Low-Z 

5 

- 

5 

- 


tOD 

Chip Enable (CE1 , CE2) Output in High-Z 

- 

70 

- 

100 


tODO 

Output Enable to 

Output High-Z 

- 

60 

- 

80 


tOH 

Output Data Hold Time 

20 

- 

20 

- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5564APL-15 
TC5564AFL-15 

TC5564APL-20 

TC5564AFL-20 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

150 

- 

200 

_ 


twp 

Write Pulse Width 

100 

- 

150 

- 


tew 

Chip Selection to End of Write 

120 

- 

180 

- 


tAS 

Address Set up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

R/W to Output High-Z 

- 

70 

- 

100 

tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 


tDS 

Data Set Up Time 

60 

- 

80 

- 


tDH 

Data Hold Time 

0 

- 

0 

- 



V DD 


A.C. TEST CONDITIONS 

• Input Pulse Levels : 2.4V/0.6V 

• Timing Measurement Reference Levels : 2.2V/0.8V 

• Output Reference Levels : 2.2V/0.8V 

• Input Pulse Rise and Fall Times : 5ns 

• Output Load : See Fig. 1 



R1 ; 2.4 kXi 
R2:8100 
0 :lOOpF 

(Include Jig) 

D : 1S1588 

(or Equivalent) 
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TC5564fi 

TC5564AFL 









fef * 





WRITE CYCLE 2 (4) (CE1 Controlled Write) 


ADDRESSES 




WRITE CYCLE 3 (4) (CE2 Controlled Write) 


ADDRESSES 



•i' ; : 







TC5564APL-15, TC5564APL-20 
TC5564AFL-15, TC5564AFL-20 

Note : (1) R/W is High for Read Cycle. (2) Assuming thatCE 1 Low transition or CE2 High transition occurs coincident with 
or after R/W low transition. Outputs remain in a high impedance state. (3) Assuming that CE1 High transition or 
CE2 Low transition occurs coincident with or prior to R/W High transition, outputs remain in a high impedance 
state. (4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=-40~85*C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IDDS2 

Standby Current 

Ta = 25°C 


0.01 

0.2 

//A 

Ta = 60°C 


- 

1 .0 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

M s 

tR 

Recovery Time 

tRC(’) 

- 

- 

MS 


CE1 Controlled Data Retention Mode (2) 



CE2 Controlled Da t a Retention Mode (4) 



Note : (1) Trc : Read Cycle Time (2) In CE1 controlled data retention mode, minimum standby current mode is achieved 
under the condition of CE2^0.2 V or CE2^Vdd— 02 V. (3) If the Vih of CE1 is 2.2 V in operation, during the period 
that the Vdd Voltage is going down from 4.5 to 2.4V, Iddsi current flows. (4) In CE2 controlled data retention 
mode, minimum standby current mode is achieved under the condition of CE2^0.2V. 


DEVICE INFORMATION 

The TC5564APL is an asynchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the precharge operation 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 


after only row address change, as is shown in the 
following figure. 

This peak current may induce the noise on Vdd/ 
GND line. Thus the use of about 0.1/ decoupling 
capacitor every device is recommended to eliminate 
such noise. 



v DD= 5 - 5V 
Vih=S.3V 
V 1l = 0.8V 

HORIZON 200ne/di v 


Fig. TYPICAL CURRENT WAVEFORMS 
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Unit in mm 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


28 15 



Note : Lead pitch is 2.54 and tolerance is ± 0.25 against theoretical center of each lead that is obtained on the 
basis of No. 1 and No. 28 leads. 

MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) Unit in mm 


28 15 



Note : Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis of 
No. 1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, 3 t any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 








TOSHIBA MOS MEMORY PRODUCTS 


32,768 WORDX8 BIT STATIC RAM 
SILICON GATE CMOS 


TC55257APL-85/APL-10/APL-12 
TC55257AF L-85/AFL-10/AF L-12 


PRELIMINARY 


DESCRIPTION 

The TC55257APL/AFL is 262,144 bit static random 
access memory organized as 32,768 words by 8 bits using 
CMOS technology, and operated from a single 5V supply. 
Advanced circuit techniques provide both high speed and 
low power features with a operating current of 5mA/MHz 
(Typ.) and minimum cycle time of 85ns. When CE is a 
logical high, the device is placed in low power standby 
mode in which standby current is 2/tA typically. The 
TC55257 APL/AFL has two control inputs. Chip enable 


(CE) allow for device selection and data retention control, 
and an output enable input (OE) provides fast memory 
access. Thus the TC55257APL/AFL is suitable for use in 
various microprocessor application systems where high 
speed, low power, and battery back up are required. The 
TC55257APL/AFL is offered in both a standard dual-in¬ 
line 28 pin plastic package (0.6 inch width) and small- 
out-line plastic flat package. 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Typ.) Operating 

• Standby Current 

100/uA (Max.): TC55257APL-85/AFL-85 
APL-10/AFL-10 
APL-12/AFL-12 

• 5V Single Power Supply 

• Power Down Feature: CE 


PIN CONNECTION (TOP VIEW) 


A14 C 1 
A12 t 2 
A 7 [ 3 
A6 [ 4 
A5 [ 5 
A4 [ 6 
A3 [ 7 
A2 [ 8 
A1 [ 9 

AO C 10 
1 / 01(11 
I/O 2 [ 12 
1/03 [ 13 
OND[ 14 


3 V DD 
3 R/W 
3 Al 3 
3 A8 
3 A9 
3 All 
3 OE 
3 A10 
3 CE" 

19 3 1/08 
18 3 1/07 
17 3 3/06 
16 3 3/05 
15 Q 1/04 


PIN NAMES 


A0~ A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE 

Chip Enable input 

1/01 —1/08 

Data Inputs/Outputs 

Q 

Q 

> 

Power (+5V) 

GND 

Ground 


• Data Retention Supply Voltage: 2.0 ~ 5.5V 

• Access Time 



TC5525/APl-85 
TC55257AF L-85 

TC55257APL-10 

TC55257AFL-10 

TC55257APL-12 
TC55257AFL.-12 

Access Time (Max.) 

85ns 

100ns 

120ns 

Chip Enable 

Access Time (Max.) 

85ns 

100ns 

120ns 

Output Enable 

Time (Max.) 

45ns 

50ns 

60ns 


• Directly TTL Compatible: All I nputs and Outputs 

• Plastic DIP and Plastic Flat Package 

BLOCK DIAGRAM 


CE 
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TC55257APL-85/APL-10/APL-12 
T055257APF-85/APF-10/APF-12 


OPERATION MODE 


OPERATION MODE 

ce" 

OE 

R/W 

1/01 ~ 1/08 

POWER 

Read 

L 

L 

H 

d out 

•ddo 

Write 

L 

* 

L 

Din 

!ddo 

Output Deselect 

L 

H 

H 

High-Z 

( DD0 

Standby 

H 

* 

* 

High-Z 

'dds 


*) H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 ~ 7.0 

V 

V|N 

Input Voltage 

-0.3* ~ 7.0 

V 

V|/o 

Input and Output Voltage 

—0.5 ~ V DD + 0.5 

V 

Pd 

Power Dissipation 

1.0 

W 

^solder 

Soldering Temperature 

260*10 

°C* sec 

"Pstrg 

Storage Temperature 

-55 ~150 

°C 

Topr 

Operating Temperature 

0 ~ 70 

°C 


*) -3.0V at pulse width 50ns 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V | H 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

I 

o 

> 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


*) —3.0V at pulse width 50ns 
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TC55257APL-8 5/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C, V DD = 5V ± 1 0%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

1 1 L 

Input Leakage Current 

V|N = 0 ~ VdD 

- 

- 

± 1.0 

MA 

lOH 

Output High Current 

V oh = 2.4V 

-1.0 

- 

- 

mA 

1 0 L 

Output Low Current 

Vol = 0.4V 

4.0 

- 

- 

mA 

1 L0 

Output Leakage Current 

CE = V| H or R/W = V| L or OE = V| H 
VouT = 0 ~ Vdd 

- 

- 

± 1.0 

ma 

1 DD01 

Operating Current 

V dd = 5.5V 

CE = V|l , R/W = V,H 
Other Input 
= V|h/V| L 

1 OUT = 0mA 

' cycle = 

- 

10 

- 

mA 

tcycle = 

Min. cycle 

- 

- 

70 

1 DD02 

^DD = 5.5V 

CE =0.2V, 

R/W = V do -0.2V 

Other Input 
= V dd -0.2V/0.2V 
Iqut = 0mA 

'■cycle - 

- 

5 

- 

mA 

'cycle _ 

Min. cycle 

- 

- 

60 

1 DDS1 

Standby Current 

I 

> 

II 

|LU 

ICJ 

_ 

- 

- 

3 

mA 

1 DDS2 

Standby Current 

CE = V D D -0.2V 

V DD = 2.0 ~ 5.5V 

Ta = 0~ 70° C 

- 

2 

100 

HA 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

V | (\j = GND 

10 

pF 

C OUT 

Output Capacitance 

v OUT= GND 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55257APL-85/flPL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, V DD = 5V ± 10%) 

Read Cycle 


SYMBOL 

PARAMETER 

TC55257APL-85 

TC55257AF L-85 

TC55257APL-10 
TC55257AFL-10 

TC55257APL-12 
TC55257AFL-12 







B v 




tRC 

Read Cycle Time 

wm 

- 


- 


- 


tACC . 

Address Access Time 

mm 


■ 


■ H ■ 

MEM 


t C0 

CE Access Time 



- 


- 



toE 

Output Enable to Output in Valid 

■ 

45 

- 

50 

- 

60 


t COE 

Chip Enable (CE) to Output in Low-Z 


- 

10 

- 

10 

- 


t OEE 

Output Enable to Output in Low-Z 

^3 

mm 

5 

- 

5 

- 


t OD 

Chip Enable (CE) to Output in High-Z 



- 

■ 

- 

60 


t ODO 

Output Enable to Output in High-Z 



- 


- 

50 


t OH 

Output Data Hold Time 

5 

- 

10 

- 

10 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TC55257AP L-85 

TC55257AF L-85 

TC55257APL-10 
TC55257AF L-10 

TC55257APL-12 
TC55257AFL-12 

UNIT 



MIN. 

MAX. 

— 



MAX. 


x wc 

Write Cycle Time 

85 

■ 


KB 


- 


t W p 

Write Pulse Width 

60 




80 

- 


WBML 

Chip Selection to End of Write 

65 

bbb 


U ■ M 

100 

_ Z_ 



Address Set up Time 

0 

BHH 

■ 

- 



ns 

*WR 

Write Recovery Time 

5 


■S 

- 




t ODW 

RAY to Output High-Z 

- 

30 

- 

50 

- 



t OEW 

R/W to Output Low-Z 

10 

- 

10 

- 

10 



t DS 

Data Set up Time 

40 

- 

40 

- 

50 

- 


t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A.C. TEST CONDITIONS 

Output Load lOOpF + 1TTL Gate 

Input Pulse Level : 0.6V,-2.4V 

Timing Measurement : 0.8V, 2.2V 

Reference Level : 0.8V, 2.2V 

t r , tf : 5ns 
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OUTPUT DATA VALID 















TC55257APL-85/APL-10/flPL-12 
TC55257AFL-85/AFL-10/AFL-12 


• WRITE CYCLE 2 (4) (CE Controlled Write) 



NOTE: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W Low transition. 
Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to R/W High 
transition, Output remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during 
this period. 


D-70 



















1.5±Q 4 


DIP 28 PIN 0 


• MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 15 


NOTE: Lead pitch is 2.54 and tolerance is ± 0.25 against theoretical center of each lead that is 
obtained on the basis of No.1 and No.28 leads. 


NOTE: Lead pitch is 1.27 and tolerance is ± 0.12 against theoretical center of each lead that is 
obtained on the basis of No.1 and No.28 leads. 
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TOSHIBA NIOS MEMORY PRODUCTS 


32,768 WORDX8 BIT STATIC RAM 
SILICON GATE CMOS 


TC55257APL-85L/APL-10L/APL-12L 
TC55257AFL-85L/AFL-1OL/AF L-12L 


DESCRIPTION 

The TC55257APL/AFL is 262,144 bit static random 
access memory organized as 32,768 words by 8 bits using 
CMOS technology, and operated from a single 5V supply. 
Advanced circuit techniques provide both high speed and 
low power features with a operating current of 5mA/MHz 
(Typ.) and minimum cycle time of 85ns. When CE is a 
logical high, the device is placed in low power standby 
mode in which standby current is 2/uA (Ta= 25°C). The 
TC55257APL/AFL has two control inputs. Chip enable 


PRELIMINARY 

(CE) allowfor device selection and data retention control, 
and an output enable input (OE) provides fast memory 
access. Thus the TC55257APL/AFL is suitable for use in 
various microprocessor application systems where high 
speed, low power, and battery back up are required. The 
TC55257APL/AFL is offered in both a standard dual-in¬ 
line 28 pins plastic package (0.6 inch width) and small- 
out-line plastic flat package. 


FEATURES 

• Low Power Dissipation 

27.5mW/MHz (Typ.) Operating 

• Standby Current 

2/xA(Max.): TC55257APL-85L/AFL-85L 
(Ta = 25°C) APL-10L/AFL-10L 

APL-1 2L/AFL-12L 

• 5V Single Power Supply 

• Power Down Feature: CE 

• Data Retention Supply Voltage: 2.0 ~ 5.5V 


PIN CONNECTION (TOP VIEW) 


A14 [ 
A12[ 

A7[ 
A6[ 
A5[ 
A4[ 
A3[ 
A2[ 
Alt 
AO C 10 
I/O 1[ 11 
1/02 [ 12 
1/03 [ 13 
QND[ 14 


] V DD 
]R/W 
] A13 
] A8 
] A9 
3 All 
Joe 

]A10 

J CE 

]I/08 

31/07 

31/06 

31/05 

31/04 


PIN NAMES 


AO ~ A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE~ 

Chip Enable Input 

1/01 ~ 1/08 

Data Inputs/Outputs 

O 

Q 

> 

Power (+5V) 

GND 

Ground 


• Access Time 



TC55257APL-85L 

TC55257AFL-85L 

TC55257APL-10L 
TC55257AFL-1OL 

TC55257APL-12L 
TC55257AFL-12L 

Access Time (Max.) 

85ns 

100ns 

120ns 

Chip Enable 

Access Time (Max.) 

85ns 

100ns 

120ns 

Output Enable 

Time (Max.) 

45ns 

50ns 

60ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Plastic DIP and Plastic Flat Package 

BLOCK DIAGRAM 
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TC55257 APL-85L/APL-1OL/APL-12L 
TC55257 AFL-85L/AFL-1OL/AFL-12L 




OPERATION MODE 


OPERATION MODE 

CE 

OE 

R/W 

1/01 ~ 1/08 

POWER 

Read 

L 

L 

H 

Dout 

Iddo 

Write 

L 

* 

L 

Din 

'ddo 

Output Deselect 

L 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

High-Z 

'dds 


MAXIMUM RATINGS 


SYMBOL 

Vdd 

V|N 

V|/Q 

J^D_ 

T solder 

T 


Power Supply Voltage 

Input Voltage _ 

Input and Output Voltage 
Power Dissipation 
Soldering Temperature- Time 
Storage Temperature 




RATING 
-0.3 - 7.0 
-0.3* - 7.0 
—0.5 — Vqq + 0.5 
1.0 


260-10 
55-150 








TC55257APL-85L/APL-1OL/APL-12L 
TC55257AFL-85L/ AFL-1OL/AFL-12L 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 ~ 70°C, V DD = 5V ± 10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

«IL 

Input Leakage Current 

Vin = 0 ~ Vdd 

- 

- 

± 1.0 

ptA 

lOH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

_... 

mA 

•OL 

Output Low Current 

V 0 L = 0.4V 

4.0 

- 


mA 

Ilo 

Output Leakage Current 

CE = V (H orRAV=V||_ or OE = V (H 
v OUT = 0 ~ V DD 

- 


± 1.0 

ma 

Iddoi 

Operating Current 

Vdd = 5.5V 

CE = V| L , R/W = V| H 
Other Input 
= V IH /V, L 

Iout = 0mA 

^cycle 

- 

10 

- 

mA 

^cycle _ 

Min. cycle 

- 

__ 

70 

^ DD02 

Vdd = 5.5V 

CE = 0.2V, 

R/W = V D d- 0.2V 
Other Input 
= V dd -0.2V/0.2V 
Iout= 0mA 

^cycle — 

- 

5 

- 

mA 

tcycle = 

Min. cycle 

- 

- 

60 

Iddsi 

Standby Current 

CE = V|h 

- 

- 

3 

mA 

1 DDS2 

Standby Current 

CE = Vdd-0.2V 

V DD = 2.0~ 5.5V 

Ta = 0 ~ 70° C 

- 

- 

30 

MA 

Ta = 25° C 

- 

- 

2 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C | N 

Input Capacitance 

Vin = GND 

10 

pF 

Cqut 

Output Capacitance 

Vqut= GND 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55257APL-85L/APL-1 OL/APL-12L 

TC55257AFL-85L/AFL-1OL/AFL-12L 


A.C. CHARACTERISTICS (Ta= 0~ 70°C, Vdd = 5V ± 10%) 

Read Cycle 


SYMBOL 

PARAMETER 

TC55257AP L-85L 
TC55257AFL-85L 



UNIT 



MIN. 

MAX. 


MAX. 




t RC 

Read Cycle Time 

85 

- 

100 

- 

120 

- 


t ACC 

Address Access Time 

- 

85 

- 

100 

- 

120 


tco 

CE Access Time 

- 

85 

- 

100 

_ 

120 


tOE 

Output Enable to Output in Valid 

- 

45 

- 

50 

- 

60 


n 

o 

m 

Chip Enable (CE) to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 


tOD 

Chip Enable (CE) to Output in High-Z 

- 

30 

- 

50 

- 

60 


tODO 

Output Enable to Output in High-Z 

- 

30 

- 

40 

_ 

50 


tQH 

Output Data Hold Time 

5 

- 

10 

- 

10 

- 



Write Cycle 



PARAMETER 

TC55257APL-85L 

TC55257AFL-85L 

TC55257APL-10L 

TC55257AFL-10L 






MAX. 

MIN. 





t wc 

Write Cycle Time 

85 

- 

100 


120 



twp 

Write Pulse Width 

60 

- 

70 


80 

- 


tew 

Chip Selection to End of Write 

65 

- 

90 

- 

100 

- 


tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

5 

- 

5 

- 

5 

- 


tODW 

R/W to Output High-Z 

- 

30 

- 

50 

- 

60 


tOEW 

R/W to Output Low-Z 

10 

- 

10 

- 

10 

- 


tDS 

Data Set up Time 

40 

- 

40 


50 

- 


tDH 

Data Hold Time 

0 

- 

0 

_ 

_ 

0 




CONDITIONS 


A.C. TEST 

Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 
t r .t f 


lOOpF + 1TTL Gate 

0.6V, 

2,4V 

0.8V, 

2.2V 

0.8V, 

2.2 V 

5ns 
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OUTPUT DATA VALID 
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TC55257APL-85L/APL-1OL/AP 

TC55257AFL-85L/AFL-1OL/AF 


• WRITE CYCLE 2 (4) (CE Controlled Write) 


DATA IN STABLE 


NOTE: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W Low transition, 
Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to R/W High 
transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during 
this period. 






















3.2MIN , , . 5.2MAX 


DIP 28 PIN 0 



NOTE: Lead pitch is 1.27 and tolerance is ± 0.12 against theoretical center of each lead that is 
obtained on the basis of No.1 and No.28 leads. 






















SH 





mm 
HIM 


mm 


TOSHIBA MOS MEM 

Preliminary 


TTTm 




DESCRIPTION! 


TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


The TC55256PL/FL is 262,144 bit static random access memory organized as 32,768 
words by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating cur¬ 
rent of 5mA/MHz(TYP.) and minimum cycle time of 100ns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is O.OlyA typically. 
The TC55256PL/FL has two control inputs. Chip enable (Cl) allow for device selection 
and data retention control, and an output enable input (OE) provides fast memory access. 
Thus the TC55256PL/FL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. Ultra low standby power 
allow not only battery but capacitance backup. The TC55256PL/FL is offered in both a 
standard dual-in-line 28 pin plastic package (0.6 inch width) and small-out-line plastic 
flat package. 


[features! 

• Low Power Dissipation 

27.5mW/MHz(TYP.) Operating 

• Standby Current 

0.2uA(MAX.) at Ta=25°C 
1.OuA(MAX.) at Ta=60°C 
10.0uA(MAX.) at Ta=85°C 

• 5V Single Power Supply 

• Fully Static Operation 

Spin connection! (top view) 


Data Retention Supply Voltage: 2.0v5.5V 
Access Time _ 

TC55256PL TC55256PLI TC552 
_ -10/FL-10 — 12XFL—12 -15/E 

Access Time (Max.) _ 100ns _ 120ns 15( 

Chip Enable Access „ „ , 

lime (Max.) _ 100ns 120ns 15( 

Output Enable Time(Max.) 50ns _ 60ns _ 7J. 

Directly TTL Compatible: All Inputs and Outputs 
Plastic DIP and Plastic Flat Package 
Wide Temperature Operation: -40^85°C 

iBLOCK DIAGRAM! 



PIN NAMES 


0 <v A14 


R/W 


0E 


CE 


Address Inputs 


Read/Write Control Input 


Output Enable Input 


Chip Enable Input 


1/01 'v 1/08 Data Input/Output 


Power (+5V) _ 

GND Ground 



--<£>- CE 




















































OPERATION MODE] 


OPERATION MODE 


1/01^ 1/08 


POWER 


Read 


dout 


*ddo 


Write 


I DDO 


Output Deselect 


High-Z 


IDDO 


Standby 


High-Z 


TddS 


*) H or L 


I MAXIMUM RATINGS! 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3 ^7.0 

V 

V IN 

Input Voltage 

-0.3* ^7.0 

V 

o 

n 

> 

Input and Output Voltage 

-0.5^ Vj)D+0.5 

V 

?D 

Power Dissipation 

1.0 (0.6)** 

w 

^solder 

Soldering Temperature 

260 • 10 

°Osec 

T strg 

Storage Temperature 

-55 'v 150 

°C 

T opr 

Operaring Temperature 

-40 'v 85 

°C 


*) -3.0V at pulse width 50ns 
**) SOP 


1D.C. RECOMMENDED OPERATING CONDITIONS] (Ta=-40-v 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD. 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V IH 

Input High Voltage 

2.2 

- 

Vdd + 0 • 3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


*) -3.0V at pulse width 50ns 
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D.C. and OPERATING CHARACTERISTICS 


(Ta=-40^ 85°C, V DD =5V±10%) 


SYMBOL 


IlL 


I OH 



PARAMETER 


Input Leakage Current 


Output High Current 


Output Low Current 


Output High Voltage 


Output Low Voltage 


Output Leakage Current 




Operating Current 
(Read Cycle)* 


TEST CONDITION 


Vin=0o- V DD 


V oh =2.4V 


Vq L =0.4V 


I0H=“20uA 


I OL =20 ^ jA 


CE= V IH or R/W= V IL or OE= v IH 
V OUT =0 V DD 


V D d- 5.5V, CE=V IL# t C y C ie=lys 
R/W=Vih 

Other Input= t cycle= 

W V IL- W 0 ” 4 Mln - CyCle 


V dd = 5.5V, CE=0.2V, t cycle =l us 
R/W=V dd -0.2V 


^DDSl Standby Current 


Ij)DS2 Standby Current 


* Assuming that R/W is Low for 
as that when R/W is high for 


Other Input= 
V dd -C. 2V/0.2V 
IOUT*GtiA 


ce=v ih 


CE=V dd -°. 2V 
V nn =2.0^ 5.5V 


t cycle - 
Min. cycle 


Ta=25°C 


Ta=60°C 


Ta=85 6 C 


MIN. | TYP.j MAX. UNIT 


±1.0 yA 



0.01 0.2 

1.0 yA 
10.0 


Write Cycle, the current consumption is twice as much 
Write Cycle. 


CAPACITANCE (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

Vjjj=GND 

10 

pF 

c OUT 

Output Capacitance 

v 0 ut=gnd 

10 

pF 


This parameter is periodically sampled and is not 100% tested 
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TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-T 5 


A.C. CHARACTERISTICS) (Ta=-40^ 85°C, V Dr) =5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC55256PL 

-10/FL-10 

TC55256PL 

-12/FL-12 

TC55256PL 

-15/FL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

C RC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 


c ACC 

Address Access Time 

- 

100 

- 

120 

- 

150 


t C0 

CE" Access Time 

- 

100 

- 

120 

- 

150 


t 0E 

Output Enable to Output in Valid 

- 

50 

- 

60 

- 

70 


t COE 

Chip Enable (CE) to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

t OEE 

Output Enable to Output in Low-Z 

0 

- 

0 


0 

- 


C 0D 

Chip Enable (CE) to Output in High-Z 

- 

50 

- 

60 

- 

70 


t 0D0 

Output Enable to Output in High-Z 

- 

40 

- 

50 

- 

60 


C 0H 

Output Data Hold Time 

10 

- 

10 

- 

15 

- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55256PL 

-10/FL-10 

TC55256PL 

-12/FL-12 

TC55256PL 

-15/FL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 


C WP 

Write Pulse Width 

70 

- 

80 

- 

100 

- 


c CW 

Chip Selection to End of Write 

90 

- 

100 

- 

120 

- 


Z AS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

t 0DW 

R/W to Output High-Z 

- 

50 

- 

60 

- 

70 


t 0EW 

R/W to Output Low-Z 

5 

- 

5 

- 

5 

- 


C DS 

Data Set Up Time 

40 

- 

50 

- 

60 

- 


C DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



AC TEST CONDITION j 

• Input Pulse Levels : 

• Timing M 02 .simsmsnti Rsf wirsncs X-svsist 

• Output Reference Levels : 

• Input Pulse Rise and Fall Time : 

• Output Load : 


2.4V/0.6V 

2.2V/0.8V 

2.2V/0.8V 

5ns 

lOOpF + 1TTL Gate 


- D-84 - 


























TC5525 


TC55256FL-10/I 


WRITE CYCLE 2 


ADDRESSES 


(CE Controlled Write) 


r DS t DH 


DATA IN STABLE 


1. R/W is High for Read Cycle. 

2. Assuming that CE" low transition occurs coincident with or after 
R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior 
to R/W High transition, Outputs remain in a high impedance state 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 









TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


3V OPERATE SPECIFICATION 


D.C. RECOMMENDED OPERATING CONDITION^] (Ta—10 v 60°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

2.7 

3.0 

3.3 

V 

V IH 

Input High Voltage 

V DD -0 * 2 

- 

V DD 

V 

V IL 

Input Low Voltage 

0 

- 

0.2 

V 


D.C. and OPERATING CHARACTERISTICS] (Ta=-10v60°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

I IN 

Input Leakage Current 

V IN =0 'u v DD 

- 

- 

±1.0 

UA 

X L0 

Output Leakage Current 

CE=Vju or R/W=Vj^ or 

oe= v i H , VquT® 0 ^^ 

- 

■ 

±1.0 

yA 

lOH 

Output High Current 

V 0H =V DD“°* 2V 

-100 

- 

- 

yA 

lOL 

Output Low Current 

V ol =0.2V 

100 

- 

- 

yA 

V 0H 

Output High Voltage 

I0H=-20uA 

Vdd-0.1 

- 

- _ 


V 0L 

Output Low Voltage 

I ol «20uA 

- 

- 

0.1 

V 

Tddo* 

Operating Current 

CE=Vil 

Other input= 

V dd -0.2V/0.2V 
Iqut^^Aj duty 100% 

t cycle 

=lys 


3.0 

5.0 

mA 

idds 

Standby Current 

Cl=Vi H 

Ta=25°C 

- 

0.01 

0.2 

yA 

Ta=60°C 

- 

- 

1.0 


All voltage is measured from GND. 

* Iddo is slightly depending on input pulse t r , tf. If long t r , tf pulse is applied, 
there are some transient current at input stage. These specification is guaranteed 
with t r , tf^20ns. 
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256FL-10/FL-1 2/FL-1S 

3V OPERATE SPECIFICATION 




A.C. CHARACTERISTICS 

READ CYCLE 


(Ta—10~ 60°C, V dd =3V±10%) 


SYMBOL 

PARAMETER 

c RC 

Read Cycle Time 

t ACC 

Address Access Time 

t CO 

CE Access Time 

t OE 

Output Enable to Output Valid 

C 0H 

Output Data Hold Time 

t COE 

Chip Enable to Output in Low Z 

t OEE 

Output Enable to Output in Low Z 

c OD 

Chip Enable to Output in High Z 

t ODO 

Output Enable to Output in High Z 




300 

1000 

300 

1000 

150 

500 




WRITE CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP.* 

MAX. 

UNIT 

c WC 

Write Cycle Time 

1000 

- 

- 


C WP 

Write Pulse Width 

500 

- 

- 


t CW 

Chip Selection to End of Write 

800 

- 

- 


C AS 

Address Set Up Time 

100 

- 

- 


C WR 

Write Recovery Time 

100 

- 

- 

ns 

tDS 

Data Set Up Time 

400 

- 

- 


t DH 

Data Hold Time 

50 

- 

- 


tODW 

R/W to Output High Z 

- 

- 

200 


t OEW 

R/W to Output Low Z 

10 

- 

- 



* Type, condition is Ta=25°C, Vjjd=3V 


A.C. TEST CONDITIONS! 

• V in =V dd -0.2V/0.2V 

• Output Reference Level 

• Timing Measurement Level 

• Input Pulse Rise and Fall 

• Output Load 


: 1.5V/1.5V 
: 1.5V/1.5V 
Time: =20ns 

: lOOpF (Include Jig) 
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[DATA RETENTION CHARACTERISTICS! (Ta=-40* 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

1-DDS2 

Standby Supply Current 

Ta=25°C 

- 

0.01 

0.2 

yA 

Ta=60°C 

- 

- 

1.0 

Ta=85°C 

- 

- 

10.0 

c CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

yS 

fc R 

Recovery Time 

t RC(l) 

- 

- 


Note: (1) Read cycle time. 

(2) If the Vjh of CE is 2.2V in operation, Iddsi current flows during the 
period that the Vpp voltage is going down from 4.5V to 2.4V. 


CE Controlled Data Retention Mode 




















































TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 




DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 

Unit in mm 


28 15 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 


SOP 28 PIN OUTLINE DRAWING (S0P28-P-450) 


28 15 



Mote: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 
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TOSHIBA IHOS MEMORY PRODUCTS 

Preliminary TC55258PL-10/PL-12/PL-15 

Idescription I TC55258 FL-10/FL-12/FL-15 


The TC55258PL/FL is 262,144 bit static random access memory organized as 32,768 words by 8 bits 
using CMOS technology, and operated from a single 5V supply. Advanced circuit techniques provide both 
high speed and low power features with a operating current of 5mA/M Hz (T YP.) and minimum cycle time of 
100ns. The TC55258PL/FL has two control inputs. Two chip enables (CE1, CE2) allow for device selection 
and data retention control. When the device is placed in standby mode, the standby current is typically 
0.01 juA. Thus the TC55258PL/FL is suitable for use in various microprocessor application systems where 
high speed, low power, and battery back up are required. Ultra low standby power allow not only battery 
but capacitance backup. The TC55258PL/FL is offered in both a standard dual-in-line 28 pin plastic 
package (0.6 inch width) and small-out-line plastic flat package. 

flat package. 


I FEATURES! 

• Low Power Dissipation 

27.5mW/MHz(TYP.) Operating 

• Standby Current 

0.2uA(MAX.) at Ta«25°C 
1.0uA(MAX.) at Ta-60°C 
10.0uA(MAX.) at Ta«85°C 

• 5V Single Power Supply 

• Fully Static Operation 


• Data Retention Supply Voltage: 2.0^ 5.5V 

• Access Time_ 



TC55258PL 

-10/FL-10 

TC55258PL 
-12/FL-1 2 

TC55258PL 
-1 5/FL-15 

Access Time (Max.) 

100ns 

120ns 

150ns 

Chip Enable Access 

Time (Max.) 

100ns 

120ns 

150ns 

Outnut Enable Time(Max.) 

50ns 

60ns 

70ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Plastic DIP and Plastic Flat Package 

• Wide Temperature Operation: -40 r \-85 6 C 


1PIN CONllECTIOMi (TOP VIEW) 


Al4[ 

Al 2 £ 2 
A7 £ 3 

A6[ * 
AS£ 5 
A4 £ 6 

A3£ 7 
A2£ 8 
AX £ 9 
AO £io 
1/Di[u 
1/02 £ 12 
X/03£i3 

GND£14 


28 3 Vjjjj 
27 3 B/W 
26 3 A13 
25 3 AS 
2*3 AS 
23 3 All 
22 3 CE2 
21 ] A10 
20 3 CEl 
19 3 V08 
18 3 I/O? 
17 3 I/De 
163 x/D5 
153 1/04 


[PIN NAMES! 


A0-A14 

Address Inputs 

R/W 

Read/Write Control Input 

CEl, CE2 

Chip Enable Inputs 

1/01 ~ 1/08 

Data Input/Output 

VDD 

Power (+5V) 

GND 

Ground 


IBLOCK DIAGRAM] 
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SHIBA MOS MEMORY PRODUCT 

Preliminary TC 551001 PL- 70 /PL- 85 /PL -10 


VW 




[DESCRIPTION I 

The TC551001PL is 1,048,576 bits static random access memory organized as 131,072 
words by 8bits using CMOS technology,and operated a single 5V power supply. Advanced circuit 
techniques provide both high speed and low power features with a maximum operating current of 
5mA/MHz(Typ.) and minimum cycle time of 70/85/lOOns. When CE1 is a logical high or CE2 is 
low, the device is placed in low power standby mode in which standby current is 2nA 
typically.The TC551001PL has three control inputs.Chip enable inputs(CE1,CE2) allow for device 
selection and data retention control,and an output enable input <0E) provides fast memory 
access.Thu 3 the TC551001PL is suitable for use in various microprocessor application system 
where high speed,low power,and battery back up are required. 

The TC551001PL is offered in a dual-in-line 32pin standard plastic package. 


FEATURES 


•Low Power Dissipation 
27.5mW/MHz(Typ.) 

• Standby Current:10OuA(Max.) 
•5V Single Power Supply 
•Power Down Feature:CE1,CE2 
•Data Retention Supply Voltage 
:2.0~ 5.5V 


• Access Time 


rC551001PL-70 TC551001PL—85 TC551001PL-10 


Access Time(Max.) 

CE1 Access Tlme(Max.) 
CE2 Access Tlme(Max.) 
0E Access Time(Max.) 


•Directly TTL Compatible : All Inputs and Outputs 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 



A n' vA 1« 

Address Inputs 

R/W 

Read/Write Control Input 

0E 

Output Enable Input 

m 

Chip Enable Inputs 


Data Inputs/Outputs 

Mi 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 






























































* : -3.OV at pulse width 50ns MAX. 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 


V IH 

Input High Voltage 

2.2 

- 

iSubS 


V IL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

V 

Data Retention Supply 

2.0 


5.5 


DK 

Voltage 






* : -3.0V at pulse width 50ns MAX. 
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SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

m 

MAX. 

-1 

UNIT 

1 XL.... 

Input Leakage Current 

V T =0 ~ V__ 

IN DD 

B 

1 

HE 

ma 

I QH 

Output High Current 

V OH= 2 - 4V 

-1.0 

- 

- 

mA 

^r. 

Output Low Current 

V or =0 - 4V 


i 

B 

mA 

I 

LO 

Output Leakage 

Current 

CEl=V_„ or CE2=V or 

In I Li 

“■"iH' V Ot I T=°~ V DD 

■ 

■ 

±1.0 

JuA 

I DD01 

Operating Current 

CE1=VIL and CE2=VIH 

and R/W=V IH ,I QUT =0mA 

Other Input=V IH /V IL 

tcycle=Min.cycle 

- 


60 

i 

i 

mA 

1 

I DD02 

CE1=0 .2V and CE2=V DD -0.2V 
r/ W=V dd -° .2V,I OUT =0mA 

Other Input=V DD -0.2V/0.2V 

tcycle=Min.cycle 

- 

- 

70 

mA 

i 


Standby Current 

CE1=V TU or CE2=V TT 

ill 1 Lx 

- 

- 

3 

mA 

I DDS2 

CeTi=V dd -0 .2V or CE2 = 0.2V 
V dd =2 .OV ~ 5.5V, 

Ta=0 -v 70°C 

I 

■ 

100 

juA 


CAPACITANCE (Ta=25°C f=LMKz) 


SYMBOL 

parameter 

TEST CONDITION 

MAX. 

UNIT 

SgjB| 

Input Capacitance 

_ v in= gnd 

10 

pF 


Output Capacitance 

15 

10 


Note: This parameter periodically sampled is not 100% tested. 
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TC551001PL-70/PL-85/PL-10 

A. C. CARACTERISTICS (Ta=0 v70°C,VDD=5V±10X) 


Read Cycle 


■ 

PARAMETER 

TC551001PL-70 

TC551001PL—85 

TC551001PL-10 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

70 

- 

85 

- 

100 

- 

ns 

t ACC 

Address Access Time 


70 

- 

85 

- 

100 

tcoi 

CEl Access Time 


70 

- 

85 

- 

100 

tC02 

CE2 Access Time 


70 

- 

85 

- 

100 

tOE 

Output Enable to Output in Valid 


35 

- 

45 

- 

50 

tCOE 

Chip Enable (CEl,CE2)to 

Output in Low-Z 

5 

- 

n 

- 

10 

- 

tOEE 

Output Enable to Output in Low-Z 

0 

“ 1 

5 

- 

5 

- 

tOD 

Chip Enable (CEl,CE2)to 

Output in High-Z 

- 

30 

- 

30 

- 

35 

tODO 

Output Enable to Output in High-Z 

- 

30 

- 

30 

- 

' i 

35 i 

tOH 

Output Data Hold Time 

5 

- 

10 

- 

10 

- 


Write Cycle 


■ 

PARAMETER 


TC551001PL-85 

TC551001PL—10 

UNIT; 

■ 


MIN. 


MIN. 

MAX. 

MIN. 

MAX. 


n 

Write Cycle Time 

70 

- 

85 

- 

100 

- 



Write Pulse Width 

45 

- 

50 

- 

60 

- 


m 

Chip Selection to End of Write 

55 

- 

70 

- 

80 

- 


EMI 

Address Set up Time 

0 

- 

SB 

- 

0 

- 


HE 

Write Recovery Time 

o 

- 

mm 

- 

0 

- 

ns 


R/W to Output High-Z 

- 

30 

- 

35 

- 

40 


Bin 

R/W to Output Low-Z 

0 

- 

0 

- 

5 

0 


ERE 

Data Set up Time 

30 

- 

30 

- 

40 

- 



Data Hold Time 

0 

- 

o 

- 

0 

- 



D.C. TEST CONDITION 


Output Load 

: lOOpF 

4= 1 

Input Pulse Level 

: 0.6V, 

2.4V 

Timing Measurement V_„ 

IN 

: 0.8V, 

2.2 V 

Reference Level V_„_ 

OUT 

: 0.8V, 

2.2 V 

V* f 

: 5ns 
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TC551001PL-70/PL-85/PL-10 

















WRITE CYCLE 3 (4) (CE2 Controlled Write) 


















TC551001PL-70/PL-85/PL-10 


CE2 Controlled Data Retention Mode (4) 



NOTE: (1) tt^: Read Cycle Time 

(2) In CE1 controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2 =0.2V or CE2 = Vpip-O .2V. 

(2) If the Vxh of CE1 is 2.2V in operation, during the period that the Vqd 
voltage is going down from 4.5V to 2.4V, Ippsx current flows. 

(4) In CE2 controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2=0.2V. 
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TC551001PL-70/PL-85/PL-1 


NOTE: 

(1) R/W is High for Read Cycle. 

(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident 
with or prior to R/W High transition, outputs remain in a high impedance 
state. 

(A) Assuming that OE” is High for Write Cycle, Outputs are in high impedance 
state during this period. 


IATA RETENTION CHARACTERISTICS (Ta=0^70°C) 
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5HIBA MOS MEMORY PRODUCTS 


32,768 WORD X8 BIT CMOS PSEUDO STATIC RAM 
SILICON GATE CMOS 


TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 


DESCRIPTION 

The TC51832P/SP/F is a 256K high speed CMOS 
pseudo static RAM organized as 32,768 words by 8 bits. 
The TC51832P/SP/F utilizing one transistor dynamic 
memory cell with CMOS peripheral circuit provides 
large capacity, high speed and low power features. Sys¬ 
tem oriented features include single power supply of 
5V ± 10% tolerance. The OE/RFSH input allows two 
types of refresh operation — auto refresh and self 


refresh. The TC51832P/SP/F also features static RAM 
like write function that the input data is written into the 
memory cell at the rising edge of R/W, thus being easy to 
interface with microprocessor. The TC51832P/SP/F is 
a pin-compatible with 256K bit CMOS static RAM — 
TC55257P and is moulded a standard 0.6 inch and 0.3 
inch width plastic DIP and small-out line plastic flat 
package. 


FEATURES 

• Organization: 32,768 word x 8 bit 

• Fast Access Time and Cycle Time 




TC51832P/ 

SP/F-85 

TC51832P/ 

SP/F-10 

TC51832P/ 

SP/F-12 

CEA 

CE Access Time 

85ns 

100ns 

120ns 

OEA 

OE Access Time 

35ns 

40ns 

50ns 

RC 

Cycle Time 

135ns 

160ns 

190ns 


• Single Power Supply: 5V + 10% 

• Static RAM like Write Function 

• All inputs and outputs: TTL Compatible 


PIN CONNECTION (TOP VIEW) 


• Low Power Dissipation 

Operating: (Max.) 

303mW (TC51832P/SP/F-85) 

248mW (TC51832P/SP/F-10) 

220mW (TC51832P/SP/F-12) 

Standby: 5.5mW (Max.) 

Self Refresh: 5.5mW (Max.) 

• Two types of Refresh Operation Capability 

Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 



BLOCK DIAGRAM 


A14'A8 


A7-AO 


CD 

3 

\ 

l 















TmWtr/Wt*$, TC51832P/SP/F-10 
TG51832P/SP/F-12 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTES 

V IN 

Input Voltage 

-1.0 ~ 7.0 

V 

1 

V OUT 

Output Voltage 

-1.0-7.0 

V 

V DD 

Power Supply Voltage 

-1.0-7.0 

V 

t opr 

Operating Temperature 

0-70 

°c 

t stg 

Storage Temperature 

-55 - 150 

°c 

t solder 

Soldering Temperature-Time 

260-10 

°C-sec 

P D 

Power Dissipation 

600 

mVV 

•out 

Short Circuit Output Current 

50 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 - 70°C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V IH 

Input High Voltage 

2.4 

- 

6.5 

V 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

V 


D.C. ELECTRICAL CHARACTERISTICS (V DD = 5V ± 10%, Ta = 0 - 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

1 DD0 

OPERATING CURRENT 

Average Power Supply Operating Current 
(CE, Address Cycling: t RC = t RC MIN) 

TC51832P/SP/F-85 

- 

55 

mA 

3, 4 

TC51832P/SP/F-10 

- 

45 

TC51832P/SP/F-1 2 

- 

40 

1 DDS1 

STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 
(CE = OE/RFSH = Vih ) 


1 

mA 


1 DDF 

SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 
(CE = VDD-0.2V, OE/RFSH = 0.2V) 


1 

mA 


l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < V|(sj < V DD , All Other Inputs not under Test = OV) 

-10 

10 

MA 


1 OIL) 

OUTPUT LEAKAGE CURRENT 
(Dout is disable, 0V < Vout< Vqd) 

-10 

10 

^A 


I 

O 

> 

OUTPUT HIGH LEVEL 

Output "H" Level Voltage Oout =—! 5mA) 

2.4 

- 

V 


V OL 

OUTPUT LOW LEVEL 

Output "L" Level Voltage (louT = 4,2mA) 

- 

0.4 

V 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 


ELECTRICAL CHARACTERISTCS AND RECOMMENDED AC OPERATING CONDITIONS 

(V D d = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 5, 6, 7, 8, 9) 


SYMBOL 

PARAMETER 

TC51832P/ 

SP/F-85 

TC51832P/ 

SP/F-10 

TC51832P/ 

SP/F-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

160 

- 

190 

- 

ns 


t RMW 

Read Write Cycle Time 

200 

- 

240 

- 

280 

- 

ns 


tCE 

CE Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


t P 

CE Precharge Time 

40 

- 

50 

- 

60 

- 

ns 


t CEA 

CE Access Time 

- 

85 

- 

100 

- 

120 

ns 


tOEA 

OE Access Time 

- 

35 

- 

40 

- 

50 

ns 


t CLZ 

CE to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 


lot z 

OE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


IWLZ 

R/W to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


ICHZ 

CE to Output in. High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

N 

X 

o 

OE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

tWHZ 

R/W to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

t OHC 

OE Hold Time Referenced to CE 

0 

- 

0 

- 

0 

- 

ns 


x OSC 

OE Set-Up Time Referenced to CE 

10 

- 

10 

- 

10 

- 

ns 


^RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 


twP 

Write Pulse Width 

60 

- 

70 

- 

85 

- 

ns 


tWCH 

Write Command Hold Time 

60 

- 

70 

- 

85 

- 

ns 


tCWL 

Write Command to CE Lead Time 

60 

- 

70 

- 

85 

- 

ns 


t DSW 

Data Set-Up Time Referenced to R/W 

35 

- 

40 

- 

50 

- 

ns 

11 

t DSC 

Data Set-Up Time Referenced to CE 

35 

- 

40 

- 

50 

- 

ns 

11 

t DHW 

Data Hold Time Referenced to R/W 

0 

- 

0 

- 

0 

- 

ns 

11 

t DHC 

Data Hold Time Referenced to CE 

0 

- 

0 

- 

0 

- 

ns 

11 

t ASC 

Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

t AHC 

Address Hold Time 

20 

- 

25 

- 

30 

- 

ns 

12 

t FC. 

Auto Refresh Cycle Time 

135 

- 

160 

- 

190 

- 

ns 


X RFD 

CE to RFSH Delay Time 

40 

- 

50 

- 

60 

- 

ns 


t FAP 

RFSH Pulse Width (Auto Refresh Cycle) 

80 

8,000 

80 

8,000 

80 

8,000 

ns 

13 

t FP 

RFSH Precharge Time 

30 

- 

30 

- 

30 

- 

ns 

13 

LU 

u 

LL 

RFSH Active to CE Delay Time 

160 

- 

190 

- 

225 

- 

ns 

13 

t FSR 

RFSH Precharge to CE Delay Time 
(Auto Refresh Cycle) 

65 

- 

80 

- 

95 

- 

ns 

13 

1 FAS 

RFSH Pulse Width (Self Refresh Cycle) 

8,000 

- 

8,000 

- 

8,000 

- 

ns 

13 

tFRS 

RFSH Precharge to CE Delay Time 
(Self Refresh Cycle) 

160 

- 

190 

- 

225 

- 

ns 

13 

1 FST 

RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

10 

30 

10 

30 

10 

30 

ns 


t FHT 

RFSH Hold Time 
(Refresh Counter Test Cycle) 

65 

8,000 

65 

8,000 

65 

8,000 

ns 


X REF 

Refresh Period 

- 

4 

- 

4 

- 

4 

.ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 


CAPACITANCE (V DD = 5V, f = 1 MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (AO ~ A14) 

- 

5 

pF 

CI2 

Input Capacitance (CE, OE/RFSH, R/W) 

- 

7 

pF 

CIO 

Input/Output Capacitance (1/01 ~ 1/08) 

- 

7 

pF 


NOTE: This parameter is periodically sampled and is not 100% tested. 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are reference to GND. 

3. Iddo depend on cycle rate. 

4. Iddo depend on output loading. Specified value are obtained with the output open. 

5.. An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 
operation is achieved. 

6. AC measurements assume t T = 5ns. 

7. V| H (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between Vih and Vil . 

8. Measured with a load equivalent to 2 TTL laods and lOOpF. 

9. The OF/RFSH input operates as the output enable input (OE) and refresh control input (RFSF1) under the 
condition of that CE = V| L and CE = V| H , respectively. 

10- t C HZ- t ohz< 1-whz define the time at which the output achieves the open circuit condition and is not 
reference to output voltage levels. 

11. In write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore the input data 
must be valid during set-up time (tosw, tpsc ) and hold time (t DHV v, t DH c)- 

12. All address are latched at the falling edge of CE, and must be valid during tASC and tA h c. 

13. Two refresh operation — auto refresh and self refresh are determined by the OE/RFSF1 pulse width under the 
condition of CE = V !H . 

Auto refresh: OE/RFSH pulse width <; tFAP (max.) 

Self refresh: OE/RFSH pulse width ^ tFAS (min.) 

The following timing parameter must be kept before device proper operation is achieved after refresh. 

Auto refresh: t FCE and t FSR 

Self refresh: t FRS 
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TIMING WAVEFORMS 


READ CYCLE 


OE/RFSH 


I/O 1-1/0 8 V 0H 
V 0L 


• WRITE CYCLE 


OE/RFSH 


I/O 1~ 1/08 VlH 
VlL 


^SC l AHC 


ADDRESS 


DATA- I N 


Don t Care 


Mai! 













TC51832P/SP/F-85, TC51832P/SP/F-1 
TC51832P/SP/F-12 



• READ WRITE CYCLE 


A0-A14 V IH 


OE/tFSH 



I—IN 

r 

I/O 1- I/O 8 
l_OUT V ° 


V 0 H — 




Don't Care 


• CE ONLY REFRESH CYCLE 



OE/RFSH 


1/01-1/08 V ° H ' 
VOL- 


V77\ Don't Care 

























TC51832P/S 
TC51832P/S 


• REFRESH COUNTER TEST CYCLE (READ WRITE) 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832P/SP/F can be tested by REFRESH COUNTER TEST. 
This cycle performs READ/WRITE operation taking the internal counter address as row address 
and fixed zero as column address. 

The test procedure is as follows. 

© Write ”0" into all the memory cells at normal write mode. 

© Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 
this operation 256 times. 

<3 Check "1" out of 256 bits at normal read mode, which was written at 0. 

(4) Read "1" out and write ''0'' in each cell by performing REFRESH COUNTER TEST. Repeat 
this operation 256 times. 

© Check "0" out of 256 bits at normal read mode, which was written at @. 

© Perform the above © to © the complement data. 
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nal position 





















C51832P/SP/F 


NOTE: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No. 28 leads. 











TOSHIBA NIOS MEMORY PRODUCTS 

32,768WORDX8 BIT CMOS PSEUDO STATIC RAM TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
SILICON GATE CMOS TC51832PI7SPL/FL-12 


DESCRIPTION 

The TC51832PL/SPL/FL is a 256K bit high speed 
CMOS pseudo static RAM organized as 32,768 words by 
8 bits. The TC51832PL/SPL/FL utilizing one transistor 
dynamic memory cell with CMOS peripheral circuit 
provides large capacity, high speed and low power 
features. System oriented features include single power 
supply of 5V ± 10% tolerance. The OE/RFSH input 
allows two types of refresh operation — auto refresh and 


self refresh. The TC51832PL/SPL/FL also features static 
RAM like write function that the input data is written 
into the momory cell at the rising edge of R/W, thus 
being easy to interface with microprocessor. The 
TC51832PL/SPL/FL is a pin-compatible with 256K bit 
CMOS static RAM — TC55257P and is moulded a 
standard 0.6 inch and 0.3 inch width plastic DIP and 
small out-line plastic flat package. 


FEATURES 

• Organization: 32,768 word x 8 bit 

• Fast Access Time and Cycle Time 



TC51832PL/ 

SPL/FL-85 

TC51832PL/ 

SPF/FL-10 

TC51832PL/ 
SPF/FL-12 

t CEA 

CE Access Time 

85ns 

100ns 

120ns 

< 

LU 

O 

OE Access Time 

35ns 

40ns 

50ns 

t RC 

Cycle Time 

135ns 

160ns 

190ns 


• Single Power Supply: 5V ± 10% 

• Static RAM like Write Function 


PIN CONNECTION (top view) 


• All inputs and outputs: TTL Compatible 

• Low Power Dissipation 

Operating: (Max.) 

303mW (TC51832PL/SPL/F L-85) 

248mW (TC51832PL/SPL/FL-10) 

220mW (TC51832PL/SPL/F L-12) 

Standby: 1.1mW(Max.) 

Self Refresh: l.lmW (Max.) 

• Two types of Refresh Operation Capability 

Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 



RFSH 


PIN NAMES 


A0 ~ A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE/RFSH 

Output Enable/Refresh Input 

CE 

Chip Enable Input 

1/01 ~ 1/08 

Data Input/Output 

Vqd 

Power (+5V) 

GND 

Ground 


BLOCK DIAGRAM 


A14-A8 [tN 



Oiiv^hFc'H O- 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTES 

V|N 

Input Voltage 

-1.0 ~ 7.0 

V 

1 

VoUT 

Output Voltage 

-1.0 ~ 7.0 

V 

1 

Vdd 

Power Supply Voltage 

-1.0 ~ 7.0 

V 

1 

Topr 

Operating Temperature 

0 ~ 70 

°C 

1 

Tstg 

Storage Temperature 

-55 ~ 150 

°c 

1 

Tsolder 

Soldering Temperature*Time 

260-10 

°C-sec 

1 

P D 

Power Dissipation 

600 

mW 

1 

1 OUT 

Short Circuit Output Current 

50 

mA 

1 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V| H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

Vil 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


D.C. ELECTRICAL CHARACTERISTICS (V DD = 5V ± 10%, Ta - 0 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

1 DD0 

OPERATING CURRENT 

Average Power Supply Operating Current 
(CE, Address Cycling: tRc = tRc MIN) 

TC51832PL/SPL/FL-85 

- 

55 

mA 

3,4 

TC51832PL/SPL/FL-10 

- 

45 

TC51832PL/SPL/FL-12 

- 

40 

• ddsi 

STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 
(CET = OE/RFSH = Vih ) 

- 

1 

mA 


1 DDS2 

STANDBY CURRENT 2 

Power Supply Standby Current, CMOS Level Input 
(CE = OE/R FSH = V D d-0.2V) 

- 

0.2 

mA 


1 DDF 

SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 
(CE = VDD-0.2V, OE/RFSH = 0.2V) 

- 

0.2 

mA 


1 l(L> 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < V||sj < Vqd, All Other Inputs not under Test = 0V) 

-10 

10 

MA 


1 OIL) 

OUTPUT LEAKAGE CURRENT 
(Dout is disable, 0V « Vqut < Vdd) 

-10 

10 

mA 


v OH 

OUTPUT HIGH LEVEL 

Output "H" Level Voltage Oout~ 5mA) 

2.4 

- 

V 


V OL 

OUTPUT LOW LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-1 
TC51832PL/SPL/FL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V dd = 5V± 10%, Ta = 0~ 70°C) (Notes 5, 6, 7, 8, 9) 


TC51832SPL/ TC51832PL/ TC51832PL/ 


PARAMETER 

Random Read or Write Cycle Time 
Read Write Cycle Time 


SPL/FL-85 


SPL/FL-10 


SPL/FL-12 UN | T NOTES 


MIN. MAX. MIN. MAX. MIN. MAX. 


*CE 

CE Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


fp 

CE Precharge Time 

40 

- 

50 

- 

60 

- 

ns 


t CEA 

CE Access Time 

- 

85 

- 

100 

- 

120 

ns 


t OEA 

OE Access Time 

- 

35 

- 

40 

- 

50 

ns 


*CLZ 

CE to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 


t OLZ 

OE to Output in Low-Z 0 

0 

- 

0 

- 

0 

- 

ns 


t WLZ 

R/W to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


! chz 

CE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

N 

I 

OE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

%HZ 

R/W to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

t OHC 

OE Hold Time Referenced to CE 

0 

— 

0 

— 

0 

— 

ns 




Write Pulse Width 


Write Command Hold Time 

Write Command to CE Lead Time 

Data Set-Up Time Referenced to R/W 

Data Set-Up Time Referenced to CE 

Data Hold Time Referenced to R/W 

Data Hold Time Referenced to CE 

Address Set-Up Time 

Address Hold Time 

Auto Refresh Cycle Time 

CE to RFSH Delay Time 

RFSH Pulse Width (Auto Refresh Cycle) 

RFSH Precharge Time 

RFSH Active to CE Delay Time 

RFSH Precharge to CE Delay Time 

(Auto Refresh Cycle) 

RFSH Pulse Width (Self Refresh Cycle) 
RFSH Precharge to CE Delay Time 
(Self Refresh Cycle) 

RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

RFSH Hold Time 
(Refresh Counter Test Cycle) 

Refresh Period 

Transition Time (Rise and Fall) 


20 

- 

25 

- 

30 

- 

ns 

12 

135 

- 

160 

- 

190 

- 

ns 


40 

- 

50 

- 

60 

- 

ns 


80 

8,000 

80 

8,000 

80 

8,000 

ns 

13 

30 

- 

30 

_1 

30 

- 

ns 

13 

160 

- 

190 

- 

225 

- 

ns 

13 

65 

- 

80 

- 

95 

- 

ns 

13 

8,000 

- 

8,000 

- 

8,000 

- 

ns 

13 

160 

- 

190 

- 

225 

- 

ns 

13 

10 

1 

30 

10 

30 

10 

30 

ns 


65 

' i 

8,000 

65 

8,000 

65 

8,000 

ns 


- 

4 

- 

4 

- 

4 

ms 


3 

50 

3 

50 

3 

50 

ns 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


CAPACITANCE (V DD = 5V, f = 1 MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (AO ~ A14) 

- 

5 

pF 

CI2 

Input Capacitance (CE, OE/RFSH, R/W) 

- 

7 

pF 

CIO 

Input/Output Capacitance (1/01 ~ 1/08) 

- 

7 

pF 


NOTE: This parameter is periodically sampled and is not 100% tested. 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are reference to GND. 

3. Iddo depend on cycle rate. 

4. Idoo depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 
operation is achieved. 

6. AC measurements assume tr = 5ns. 

7. Vi h (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V| H and V| L . 

8. Measured with a load equivalent to 2 TTL loads and 10OpF. 

9. The OE/RFSFI input operates as the output enable input (OE) and refresh control input (RFSFI) under the 
condition of that CE = V| L and CE = V| H , respectively. 

10. tcHz , toHz- t whz define the time at which the output achieves the open circuit condition and is not 
reference to output voltage levels. 

11. In write cycles; the input data is latched at the earlier of R/W or CE rising edge. Therefore the input data 
must be valid during'set-up time (t DSW , t DSC ) and hold time (t DHW , tp H c)• 

12. All address are latched at the falling edge of CE, and must be valid during t AS c and t A HC • 

13. Two refresh operation — auto refresh and self refresh are determined by the OE/RFSH pulse width under the 
condition of CE = V| H . 

Auto refresh: OE/RFSH pulse width g t FAP (max.) 

Self refresh: OE/RFSH pulse width ^ t FAS (min.) 

The following timing parameter must be kept before device proper operation is achieved after refresh. 

Auto refresh: t FCE and t FSR 

Self refresh: t FRS 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


TIMING WAVEFORMS 

• READ CYCLE 



• WRITE CYCLE 
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TC51832I 






































TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 

• REFRESH COUNTER TEST CYCLE (READ WRITE) 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832PL/SPL/FL can be tested by REFRESH '^OUNTER 
TEST. This cycle performs READ/WRITE operation taking the internal counter address as row 
address and fixed zero as column address. 

The test procedure is as follows. 

0 Write "0" into all the memory cells at normal write mcoe. 

0 Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 

0 Check "1" out of 256 bits at normal read mode, which was written at 0. 

@ Read "1" out and write “0" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 

0 Check "0" out of 256 bits at normal read mode, which was written at 0. 

0 Perform the above 0 to © the complement data. 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


• OUTLINE DRAWINGS (6D28A-P) 

Unit in mm 

28 15 





NOTES: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true 
longitudinal position with respect to No. 1 and No. 28 leads. 

All dimensions are in millimeters. 
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NOTE: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC518128P-10, M2, PL-10, PL-12 
(“DESCRIPTION I TC518128F-10, M2, FL-10, FL-12 

The TC518128P/F is a 1Mbit high speed CMOS Virtually and Pseudo 5tatic 
RAM organized as 131,072 words by 8 bits. The TC518128P/F utilizing one 
transistor dynamic memory cell with CMOS peripheral circuit provides large 
capacity, high speed and low power features. The feature includes single 
power supply of 5V±10*. 

The TC518128P/F has Virtually Static RAM mode (VS mode) and Pseudo 
Static RAM mod e (P S mode). PS mode has control of refresh operation 
determined by RFSH input. This refresh operation is easy to operate because 
of having two types of refresh operation — Auto Refresh and Self Refre sh■ 

As VS mode controls all refresh operation on chip by fixing "L" on RFSH pin, 
it is usable static RAM. 

The TC518128P/F is a pin-compatible with 1M bit CMOS Static RAM-JEDEC 
standard and is moulded in a 32pin standard 0.6 inches width plastic DIP 
and small-out line plastic flat package. 


I FEATURES - ] 


• Organization:1Mbit (131,072wordx8bit) 



PS 

IX) 

mode 

1 2 

VS 

10 

mode 

1 2 

tCEA CE Access Time 

100 

120 

160 

190 

tOEA OE Access Time 

40 

40 

40 

40 

tRC Cycle Time, 

160 

190 

220 

260 


•Single Power Supply: 5V±108$ 

•Data Retention Voltage:3~5.5V (L-Version) 
•All inputs and outputs:TTL Compatible 
•1,024 Refresh Cycle/16ms 


PIN CONNECTION I (TOP VIEW) 


• Low Power Dissipation 

• Operating:33OmW(MAX) :P/PL/F/FL-10 

:2 7 5mW(MAX) :P/PL/F/FL-12 
•Self Refresh:0.28mW(MAX) VDD=5.5V 
(L-Version):0.09mW(MAX) VDD=3V 
•VS mode:No Refresh control 
required. 

•PS mode:Two types of Refresh 
operation capability. 

Auto Refreshrby internal counter 
Self Refresh:by internal timer 
•32pin standard plastic package 

(DIP) 



$2 
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FUNCTION LOGIC 




RFSH 

A0-A16 

I/O 1—8 

H/L 

V* 

OUT 

H/L 

V* 

IN 

H/L 

V* 

HZ 

KK 

* 

* 

HZ 

HZ 

H 

k 

HZ 

H 

k 

HZ 


CONDITION 



Auto/Self Refresh 
Auto/Self Refresh 


H — High Level Input (VIN=VDD+0.5V-VIH min) 

L— Low Level Input (VIN=VIL max^-O.5V) 

* — Don't care (VDD+0.5V—0.5V) _ 

V* ~ At CE1 falling edge (CE2=H) or CE2 rising edge (CE1=L), all address 

inputs are "IN", and at the other condition, the address input are . 
HZ - High Impedance 
H/L - H:PS mode 
L:VS mode 

VS mode and PS mode 

No refresh control is achieved by VS mode and high 3peed accessing is 
achieved by PS mode. 

VS mode and PS mode ar e ch osen by controlling refresh terminal. VS mode 
is chosen by fixing "L" on RFSH pin, and PS mode i3 chosen by clock 
operation. 


MAXIMUM RATIMG 


SYMBOL 

ITEM 

RATING 

VIN 

Input Voltage 

-1.0-7.0 

VOUT 

Output Voltage 

-1.0-VDD+0.5 

VDD 

Power Supply Voltage 

-1.0—7.0 

TOPR 

Operating Temperature 

0-70 

TSTG 

Storage Temperature 

-55-150 

TSOLDER 


260- 10 

PD 

Power Dissipation 

600 

I OUT 

Short Circuit Output Current 

50 



D.C.RECOMMENDED OPERATING CONDITIONS 


(Ta=0—70"C) 


SYMBOL ITEM 


VDD Power Su 


VIH Input High Voltage 


VIL I Input Low Voltage 


ratHmESE? 



























































































TC518128P-10, M2, PL-10, PL-12 
TC518128F-10, F-12, FL-10, FL-12 


f D.C.ELECTRICAL CHARACTERISTICS 1 ( VDD=5V±1 096, Ta=0~70°C) 


SYMBOL 

PARAMETER 

[period 

MIN. 

MAX. 

UNITS 

! notes" 

IDDO 

Operating Current 
(Average Power Supply 

Operating Current) 

VDD=5.5V (Involved CE only 

Refresh and Auto Refresh) 

160ns 

_ 

60 

mA 

■ 

190ns 

- 

50 

lus 


10 

IDDSB1 

Standby Current 
CE1=VIH or CE2= 
VIL, RFSH=VIH 

TC518128P/F 

_ 

2 

mA 


TC518128PL/FL 

- 

1 

*IDDSB2 

Standby Current 
CE1=VDD—0.2V or 
CE2=0.2V 


n 

5.5V 

— 

1 

mA 



5.5V 


50 

ma 

RFSH=VDD—0.2V 

3.0 V 

- 

30 

IDDF1 

Self Refresh 
Current 

TC518128P/F 

- 

2 

mA 


CE1=VIH or CE2= 
VIL, RFSH=VIL Fix 

TC518128PL/FL 

- 

1 

*IDDF2 

Self Refresh 
Current 

CE1=VDD—0.2V or 
CE2=0.2V 

RFSH=0.2V Fix 

TC518128P/F 

DD 

J'dh/ 

5.5V 

— 

1 

mA 


TC51812 8PL/FL 

5.5V 

1 

50 

}XA 

3.0V 

■ 

30 

II(L) 

Input Leakage Current 

0V<,VIN< VDD 

-1 

1 

juA 


10 (L) 

IlililllSii IS 

n 

1 

}iA 


V0H 

Output High Level 

I0H=-5mA 

2.4 

- 

V 


VOL 

Output Low Level 

IOL=4.2mA 

- 

0.4 

V 



NOTE*) In standby mode and self refresh with CE l^VDD-0.2V, these 

specification limits are guaranteed under the condition of CE22VDD- 
0.2V, or CE2£0.2V. 


["CAPACITANCE 1 ( f = 1MHZ , Ta=25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (A0~A16) 

- 

5 

PF 

Cl 2 

Input Capacitance (CE1,CE2,OE,R/W,RFSH) 

- 

warn 

■ai 

CIO 

Input/Output Capacitance 

- 

mam 

■Si 


NOTE) This parameter is periodically sampled and i3 not 10096 tested. 
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ELECTRICAL CHARACTERISTICS AND RECOMENDED AC OPERATION CONDITIONS 


J (VDD=5V+1 0 %, Ta=0~70 °C) (NOTES:5,6,7,8) 

PS mode 


SYMBOL 

PARAMETER 

tRC 

Random Read.Write Cycle Time 

tRMW 

Read Modify Write Cycle Time 

tCE 

CE Pulse Width 

tP 

CE Precharge Time 

tCEA 

CE Access Time 

tOEA 

OE Access Time 

tCLZ 

Chip Enable to Output in Low-Z 

tOLZ 

Output Enable to Output in 

Low-Z 

tWLZ 

Output Active from End of Write 

tCHZ 

Chip Disable to Output in 

High-Z 

tOHZ 

OE Disable to Output in High-Z 

tWHZ 

Write Enable to Output in 

High-Z 

tODS 

OE Output Disable Set-Up Time 

tODH 

OE Output Disable Hold Time 

tRCS 

Read Command Set-Up Time 

tRCH 

Read Command Hold Time 

tWP 

Write Pulse Width 

tWCH 

Write Comand Hold Time 

tCWL 

Write Command to CE Lead Time 

m 

Data Set-Up Time from R/W 


Data Set-Up Time from CE 

tDHW 

Data Hold Time from R/W 

tDHC 

Data Hold Time from CE 

! t ASC 

| Address Set-Up Time 

tAHC 

Address Hold Time 

tFC 

Auto Refresh Cycle Time 

tRFD 

RFSH Delay Time from CE 

tFAP 

RFSH Pulse Width(Auto Refresh) 

tFP 

RFSH Precharge Time 

tFCE 

RFSH to CE Active Delay Time 

tFSR 

CE Delay Time from RFSH 

(Auto Refresh) 

tFAS 

RFSH Pulse Width(Self Refresh) 

tFRS 

CE Delay Time from RFSH 
(Self Refresh) 

tREF 

Refresh Period 

(1,024 cycle, A0~A9) 

tT 

Transition Time(Rise and Fall) 


-10 


MIN. MAX. 


100 tREF 


50 



80 8,000 


30 


MIN. MAX. 


190 


295 


120 tREF 


UNITS NOTES 


85 10000 


85 
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518128P-10, P-12, PL-10, PL-12 
TC518I28F-10, F-12, FL-10, FL-12 


j ELECTRICAL CHARACTERISTICS AND RECOMENDED AC OPERATION CONDITIONS 
~ (VDD=5V+10%, Ta=0~70’C) (NOTES:5,6,7,8) 

VS mode 


SYMBOL 

PARAMETER 

-10 

L -i2 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tVRC 

Random Read,Write Cycle Time 

220 

- 

260 

- 

ns 


tVRMW 

Read Modify Write Cycle Time 

310 

- 

365 

- 

ns' 


tVCE 

CE Pulse Width 

160 

CO 

190 

CO 

ns 


tP 

CE Precharge Time 

50 

- 

60 

- 

ns 


tVCA 

CE Access Time 

- 

160 

- 

190 

ns 


tOEA 

OE Access Time 

- 

40 

- 

40 

ns 


tCLZ 

Chip Enable to Output in Low-Z 

10 

- 

10 

- 

ns 


tOLZ 

Output Enable to Output In 

Low-Z 

■ 

■ 

0 


ns 


tWLZ 

Output Active from End of Write 

0 

- 

0 

- 

ns 


tCHZ 

Chip Disable to Output in 

High-Z 

0 

30 

0 

35 

ns 

9 

tOHZ 

OE Disable to Output in High-Z 

0 

30 

0 

35 

ns 

9 

tWHZ 

Write Enable to Output in 

High-Z 

■ 

30 

■ 

35 

ns 

9 

tODS 

OE Output Disable Set-Up Time 

Sa 

- 

0 

- 

ns 


tODH 

OE Output Disable Hold Time 

10 

- 

10 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 


tWP 

Write Pul3e Width 

130 

- 

155 

- 

ns 


tVWH 

Write Comand Hold Time 

130 

10000 

155 

10000 

ns 


tVWL 

Write Command to CE Lead Time 

130 

- 

155 

- 

ns 


tDSW 

Data Set-Up Time from R/W 

60 

- 

75 

- 

ns 

10 

tDSC 

Data Set-Up Time from CE 

60 

- 

75 

- 

ns 

10 

tDHW 

Data Hold Time from R/W 

0 

- 

0 

- 

ns 

10 

tDHC 

Data Hold Time from CE 

0 

- 

0 

- 

ns 

10 

t ASC 

Address Set-Up Time 

0 

- 

0 

- 

ns 

11 

tAHC 

Addre33 Hold Time 

25 

- 

30 

- 

ns 

11 

tVRS 

VS mode Set-Up Time 

0 

- 

0 

- 

ns 


tVRH 

VS mode Hold Time 

0 

- 

0 

- 

ns 


tT 

Transition Time(Ri3e and Fall) 

3 

50 

3 

50 

ns 
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TC518128P1 

TC518128F-1 


NOTES: 

1) Stress greater than those listed under "Absolute Maximum Ratings" may 
cause permanent damage to the device. 

2) All voltages are reference to GND. 

3) IDDO depend on cycle rate. 

4) IDDO depend on output loading. Specified value are obtained with the 
output open. 

5) An initial pause of lOOps with high CE1 or low CE2 is required after 
power-up, before proper device operation is achieved. 

6) AC measurements assume tT=5ns. 

7) Timing Reference Level 

Input Level : VIH=2.4V 
VIL=0.6V 

Reference Level: VIH=2.2V 
VIL=0.8V 
: VOH=2.2V 
VOL=0.8V 

8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) tCHZ, tOHZ, tWHZ define the time at which the output achieves the open 
circuit condition and is not reference to output voltage levels. 

10) In write cycles, the input data is latched at the earlier of R/W or CE1 
rising edge and CE2 faling edge. Therefore the inut data must be valid 
during set-up time (tDSW,tDSC) and hold time (tDHW,tDHC). 

11) All address Inputs are latched at the falling edge of CE1 and the rising 
edge of CE2. Therefore the all address inputs must be valid during tASC 
and tAHC. 

12) Two refresh operation - auto refresh and se lf refresh are defined by the 
RFSH pulse width under the condition of CE1=VIH or CE2=VIL. 

Auto refresh: RFSH pulse widthitFAP (max.) 

Self refresh:RFSH pul3e widthitFAS (min.) 

In case of using PS mode, the following timing parameter must be kept 
for device proper operation after refresh. 

Auto refresh:tFCE and tFSR 

Self refresh:tFRS 
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Data Output 
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TC518128P-10, M2, PL-10, PL-12 
TG518128F-10, M2, FL-10, FL-12 


AUTO REFRESH 











Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.32 leads. 
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TC518128P-10, M2, PL-10, PL-12 
TC518128F-10, F-12, FL-10, FL-12 
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TOSHIBA MOS MEMORY PRODUCT 


I 


2,048 WORD X 8 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 


TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 


[description! 


The TMM2018AP is a 16,384 bits high speed and low power static random access memory 
organized as 2,048 words by 8 bits and operates from a single 5V supply. 

Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 150mA/l35mA/135mA. When CST goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AP is most suitable for use in cache memory and high speed storage. 
The TMM2018AP is offered in a 24 pin standard plastic package with 0.3 inch width for 
high density assembly. 

The TMM2018AP is fabricated with ion implanted N channel silicon garte MOS technology 
for high performance and high reliability. 


Fast access time 
t A cc =25ns: TMM2018AP-25 
t ACC=35ns: TMM2018AP-35 
t A cc = 45ns: TMM2018AP-45 
Low power dissipation 
I cc =150mA: TMM2018AP-25 
I cc =135mA: TMM2018AP-35 
ICC=135mA: TMM2018AP-45 
ISB=20mA 


• Single 5V power supply 

• Fully static operation 

• All inputs and outputs: Directly TTL compatible 

• Power down feature: CS=Vih 

• Output buffer control: 0E 

• Three state outputs 

• Inputs protected: All inputs protection against 

static charge. 

• Package: 24 pin standard plastic package, 0.3 inch 

width. 


SPIN CONNECTION 


(BLOCK DIAGRAM 


A7C T 
aeC 2 

A5C 3 
A4C 4 
A3C 5 

A2 C 6 

AlC ^ 
AO C 8 

1/101C 9 
I/02C 10 


22UA9 

21PWE 


20 JOE 
19 U A10 
18 3 CS 
17 31/08 
16 31/07 
15 31/06 
14 3 1/05 
13 3 1/04 




AO 'u A10 

Address Inputs 

1/01 'i' 1/08 

Data Input/Output 

CS 

Chip Select Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

v C c 

Power (+5V) 

GND 

Ground 


COLUMN 1/0 
CIRCUIT 


COLUMN 

DECODER. 









































SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Power Supply Voltage 

-3.5 ^7.0 

V 

VlN 

Input Voltage 

-3.5 <W.O 

V 

Vl/O 

Input/Output Voltage 

-3.5 ^7.0 

V 

p opr 

Operating Temperature 

0 ^70 

°c 

T stg 

Storage Temperature 

-55 'v 150 

°c 

^solder 

Soldering Temperature • Time 

260 • 10 

°C*sec 

P D 

Power Dissipation 

0.9 

W 

I OUT 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

o 

CN 

- 

Vcc+1.0 


VlL 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

v cc 

Power Supply Voltage 

4.5 

5.0 

5.5 



* Pulse Width: 10ns, DC: -0.5V (MIN.) 


D.C. CHARACTERISTICS (Ta=0^70 c C, V CC=5V±10%) 



CAPACITANCE* (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

Vin=0V 

5 

pF 

c 0UT 

Output Capacitance 

V OUT =OV 

10 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 


A.C. CHARACTERISTICS (Ta=0'W0°C, V CC =5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TMM2018AP-25 

TMM2018AP-35 

TMM2018AP-45 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 

45 

- 


tACC 

Address Access Time 

- 

25 

- 

35 

- 

45 


tco 

Chip Select Access Time 

- 

25 

- 

35 

- 

45 


c OE 

Output Enable to Output Valid 

- 

15 

- 

20 

- 

20 


tCLZ 

Chip Selection to Output in Low-Z 

0 

- 

0 

- 

0 

- 


tCHZ 

Chip Deselection to Output in 
High-Z 

- 

15 

- 

20 

- 

20 

ns 


Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 


tQHZ 

Output Disable to Output in High-Z 

- 

12 

- 

15 

- 

15 



Output Data Hold Time 

5 

- 

5 

- 

5 

- 


t PU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 


C PD 

Chip Deselection to Power Down 

Time 

- 

20 


30 

- 

30 



Write Cycle 


SYMBOL 

PARAMETER 

TMM2018AP-25 

TMM2018AP-35 

TMM2018AP-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 


c WC 

Write Cycle Time 

25 

- 

35 

- 

45 


ns 

c CW 

Chip Selection to End of Write 

20 

- 

30 

- 

40 

- 

*AS 

Address Set Up Time 

0 

- 

0 

- 

0 

■ ■ 

C WP 

Whrite Pulse Width 

20 

- 

30 

- 

35 

warn 

t WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

C WLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 


t W T HZ 

WE" to Output in High-Z 

- 

12 

- 

15 

- 

15 

C DS 

Data Set Up Time 

12 

- 

15 

- 

20 

- 

C DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.0V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 
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EpH 


TMM2018AP-25, TMM2018AP-35 
TMM2018AP-45 

TIMING WAVEFORMS 

READ CYCLE 1. (WE=V IH , CS=V IL ) 



READ CYCLE 2. (WE-V IR , OE=Vj L ) 



WRITE CYCLE 1. 
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OUTLINE DRAWINGS 



Unit in mm 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal 
position with respect to No.l and No.24 leads. 






TOSHIBA MOS MEMORY PRODUCTS 


4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 


TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 


The TMM2068AP is a 16,384 bits high speed and low power static random access memory 
organized as 4,096 words by 4 bits and operates from a single 5V supply. 

Toshiba’s high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 135/120/120mA. When CS goes high, the device is deselected and placed in a low 
power standby mode in which maximum standby current is 20mA. 

Thus the TMM2068AP is most suitable for us in cache memory and high speed storage. 

The TMM2068AP is offered in a 20 pin standard plastic package with 0.3 inch width for 
high density assembly. 

The TMM2068AP is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 


FEATURES 

• Fast access time 

tACC = 25ns: TMM2068AP-25 
t ACC = 35ns: TMM2068AP-35 
tACCr 45 ^ TMM2068AP-45 

• Low power dissipation 

I C C = 135mA: TMM2068AP-25 
I cc =120mA: TMM2068AP-35 
I cc =120mA: TMM2068AP-45 
Igg=20mA 

• Single 5V power supply 

• Fully static operation 


• All inputs and outputs: Directly TTL compatible 

• Power down feature : CS=ViH 

• Three state outputs 

• Inputs protected: All inputs protection aganist 

static charge. 

« Package: 20 pins standard plastic package, 

0.3 inch width. 


BLOCK DIAGRAM 


PIN CONNECTION 


v cc 

A8 

A9 

A10 

All 

1/01 

1/02 

1/03 

1/04 

WE 


(TOP VIEW) 


A 7 C 


20 

A 6 C 

2 

19 

A5 C 

3 

18 

A4 C 

4 

17 

A3 C 

5 

16 

A2 C 

6 

15 

A1 C 

7 

14 

AO C 

8 

13 

cs c 

9 

12 

GND C 

10 

11 


PIN NAMES 


A0 'vAll 

Address Inputs 

1/01 ^ 1/04 

Data Input/Output 

OS' 

Chip Select Input 

WE 

Write Enable Input 

v cc 

Power (+5V) 

GND 

Ground 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 


MAXIMUM RATINGS 


SYMBOL 

item 

RATING 

UNIT 

V CC 

Power Supply Voltage 

-3.5 ^7.0 

V 

VlN 

Input Voltage 

-3.5 ^7.0 

V 

v I/0 

Input/Output Voltage 

-3.5 ^ 7.0 

V 

Topr 

Operating Temperature 

0 'WO 

°C 

T stg 

Storage Temperature 

-55 ^150 

°C 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C* sec 

PD 

Power Dissipation 

1.0 

W 

Pout 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

| 

Input Low Voltage 

-3.0* 

- 

0.8 

V 

pr 8 ^! 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


* Pulse Width: 10ns, DC: -0.5V (Min.) 


D.C. CHARACTERISTICS (Ta=0'W0°C, V CC =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

IlL 

Input Current 

Vi N =0 ^ Vcc 

- 

±1.0 

yA 


Output High Voltage 

Pqh =— A• 0mA 

2.4 

- 

V 

rai 

Output Low Voltage 

Pql = 8•0mA 

- 

0.4 

V 

X L0 

Output Leakage Current 

VoUT=° ^ V CC> CS=Vjh 

- 

±1.0 

yA 




-25 

- 

135 


Pcc 

Operating Current 

cs=v IL 

-35 

- 

120 

mA 




-45 

- 

120 


PSB 

Standby Current 

CS=Vih 

- 

20 

mA 

||g| 

Peak Power-on Current 

CS=V CC , V cc =0 ^ 5. 

5V 

- 

40 

_ 

mA 


CAPACITANCE* (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

ClN 

Input Capacitance 

v IN =ov 

8 

pF 

C OUT 

Output Capacitance 

Vqut =OV 

8 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 


A.C. CHARACTERISTICS (Ta-0-v 70°C, Vcc-5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TMM2068AP-25 

TMM2068AP-35 

TMM2068AP-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 


- 



Address Access Time 

- 

25 

- 

35 

- 

45 


pgj« 

Chip Select Access Time 

- 

25 

- 

35 

- 

45 



Chip Selection to Output in 
Low-Z 


- 

D 

- 


- 

ns 


Chip Deselection to Output 
in High-Z 


15 



- 

20 


Output Data Hold Time 



5 

- 

5 

- 


tpu 

Chip Selection to Power Up 
Time 

0 



- 


- 


tPD 

Chip Deselection to Power 

Down Time 

- 

20 

- 

30 

- 

30 



Write Cycle 


SYMBOL 

PARAMETER 

TMM2068AP-25 

TMM2068AP-35 

TMM2068AP-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

25 

- 

35 

- 

45 

- 


tew 

Chip Selection to End of 

Write 


- 

B 

- 

40 

- 


C AS 

Address Set Up Time 

1 

- 

m 

- 

0 

- 


twp 

Write Pulse Width 

20 

- 

30 

- 

35 

- 

ns 

nai 

Write Recovery Time 


- 

0 

- 

0 

- 

Kg . 

U T E to Output in Low-Z 

0 

- 

0 

- 

0 

- 



WE to Output in High-Z 

0 


0 

15 

0 

15 


tDS 

Data Set Up Time 

10 

- 

15 

- 

20 

- 


t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.0V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 


'cc 



Fig.l OUTPUT LOAD 
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TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 

TIMING WAVEFORMS 

READ CYCLE 1. (WE=V IH , CS-V 1L ) 


ADDRESSES 


d OUT 



READ CYCLE 2. (WE«V IH ) 


d out 


SUPPLY 

CURRENT 



WRITE CYCLE 1. 











TMM2068AP-25, TMM2068AP-35 
TMM2068AP-45 


WRITE CYCLE 2. 



Note 1. 


In read cycle 2, all addresses are valid prior to or coincident with 
CS transition low. 


2 . 


The operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 


Unit in mm 


Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal position 
with respect to No.l and No.20 leads. 
















TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2088P-35, TMM2888P-45 


[description! 

The TMM2088P is a 65,536 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 8 bits and operates from a single 5-volt 
supply. The TMM2088P is features an automatic stand-by mode when deselect by CS1 
signal. Thus the TMM2088P suitable for use in cache memory and high speed storage. 
The TMM2088P is offered in a 28 pin standard plastic dual in-line package with 0.3 inch< 
width for high density assembly. 


(features! 


• Access Time and Current • Inputs Protected: (All inputs have 


^\Parameter 

Part\> 

Number 

Access 

Time 

(MAX.) 

Operating 

Current 

(MAX.) 

Standby 

Current 

(MAX.) 

protection against 
static charge.) 

TMM2088P-35 

35ns 

135mA 

15mA 

TMM2088P-45 

45ns 

135mA 

15mA 

(block diagram! 


Single 5V Power Supply 
Fully Static Operation 
Power Down Feature: (CS1) 
Output Buffer Control: (OE) 
Three State Outputs 
All Inputs and Outputs: 
(Directly TTL Compatible) 


MSB 


PIN CONNECTION 


N. C. C 

1 V. 

28 

□ 

Vcc 

A12C 

2 

27 

□ 

WE 

A7C 

3 

26 

□ 

CS2 

A6C 

4 

25 

□ 

A8 

A5C 

5 

24 

□ 

A9 

A4C 

6 

23 

J 

All 

A3C 

7 

22 

□ 

OE 

A2C 

8 

21 

□ 

A10 

A1E 

9 

20 

□ 

CS1 

AO C 

10 

19 

□ 

1/08 

I/O 1C 

11 

18 

□ 

1/07 

I/02 C 

12 

17 

3 

1/06 

1/03 C 

13 

16 

D 

1/05 

GNDC 

14 

15 

□ 

1/04 


PIN NAMES 


CLOCK 


PRECHARGE 

GENERATOR 


CIRCUIT 





CO 


K 

to K 


w 



Q 


- 

O 
& o 
o 

cc < m 

- 

(£Q 


1/08 


o Vcc 





AO 'v- A12 

Address Inputs 

WE 

Write Enable Input 

OE 

Output Enable Input 

CSI, CS2 

Chip Select Inputs 

1/01 ^1/08 

Data Input/Output 

VCC 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


I OPERATION MODE 


MODE 

CSI 

CS2 

OE 

WE 

1/01 ^ 8 

Power 

Write 

L 

H 

* 

L 

In 

Active 

Read 

L 

H 

L 

H 

Out 

Active 

Standby 

H 

* 

* 

* 

High-Z 

Standby 

Standby 

L 

L 

* 

* 

High-Z 

Active 

Output Buffer 
Disable 

L 

H 

H 

H 

High-Z 

Active 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

v C c 

Power Supply Voltage 

-3.5 ^7.0 

V IN> v OUT 

Input Output Voltage 

-3.5 ^ 7.0 

T opr. 

Operating Temperature 

0 ^70 

T stg. 

Storage Temperature 

-55 % 150 

Tsolder 

Soldering Temperature • Time 

260 • 10 

PD 

Power Dissipation (Ta=70°C) 

1.0 


UNIT 


V 


V 


°C 


C 


5 C* sec 


W 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0<v70°C) 


MIN. TYP. 


SYMBOL 

PARAMETER 

VlH 

Input High Voltage 

VlL 

Input Low Voltage 

v C c 

Supply Voltage 



MAX. 

UNIT 

Vcc+1.0 

V 

0.8 

V 

5.5 

V 


Pulse Width: 10ns, DC: -0.5V (Min.) 


D.C. CHARACTERISTICS (Ta=0 ^70 c C, V C c=5.0V±10%) 


CONDITIONS 


SYMBOL 

PARAMETER 

til 

Input Leakage Current 

ToH 

Output High Current 

IoL 

Output Low Current 

X LO 

Output Leakage Current 

TsBP 

Peak Power-on Current 

TsB 

Standby Current 

icc 

Operating Current 


V IN=° V 5.5V 

V OH =2.4V 


V ol =0.4V 


CS1=V IH or CS2 =V il or WE=V IL 
or OE=Vjh, VouT = 0V'v5.5V 


CS1=V cc , CS2=0V, I OU T=OinA 


CSI-Vih, IoUT =0mA 


CSl=V il, Iou^On^ 



CAPACITANCE* 


SYMBOL 

PARAMETER 

CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

v IN =ov 

8 

pF 

COUT 

Output Capacitance 

Vin=0V 

10 

pF 


* Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2088P-35, TMM2088P-45 


A.C. CHARACTERISTICS (Ta=0^70^C 1 Vcc=5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2088P-35 

TMM2088P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

fc RC 

Read Cycle Time 

35 

- 

45 

- 


c ACC 

Address Access Time 

- 

35 

- 

45 


tcoi 

CS1 Access Time 

- 

35 

- 

45 


t C02 

CS2 Access Time 

- 

25 

- 

25 


c OE 

OE Access Time 

- 

20 

- 

20 


tOH 

Output Data Hold Time from Address 
Change 

5 


5 

- 

ns 

tCLZ 

Output Enable Time from CS1 or CS2 

0 

- 

5 

- 


t cnz 

Output Disable Time from CSl or CS2 


20 

- 

20 


c OLZ 

Output Enable Time from OE 

0 

- 

0 

- 


c OHZ 

Output Disable Time from OE 

- 

15 

- 

15 


tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 


tPD 

Chip Deselection to POwer Down Time 

- 

30 

- 

_J2j 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TMC2088P-35 

TMM2088P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 


tew 

Chip Selection to End of Write 

30 

- 

40 

- 


fc AS 

Address Set Up Time 

0 

- 

0 

- 


fc WP 

Write Pulse Width 

25 

- 

35 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

fc DS 

Data Set Up Time 

15 

- 

20 

- 


tDH 

Data Hold Time 

0 

- 

0 

- 


C WLZ 

Output Enable Time from WE 

0 

- 

0 

- 


tWHZ 

Output Disable Time from WE 

- 

15 

- 

15 



A.C. TEST CONDITIONS) 


Input Pulse Levels 

0.0 ^ 3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Reference Levels 

2.0V/0.8V 

Output Load 

Fig. 1 
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B. 

sSEI 


TMM2088P-35, TMM2088P-45 


WRITE CYCLE 2 (4) (Csl Controlled Write) 


ADDRESSES 


WE 


CS2 


CS1 


d out 


d in 



WRITE CYCLE 3 (4) (CS2 Controlled Write) 

l wc 





J 


t 








TMM2088P-35, TMM2088P-45 


Note: 1. WE is High for Read Cycle. 

2. Assuming that CS1 Low transition or CS2 High transition occurs coin¬ 
cident with or after WE Low transition. Outputs remain in a high 
impedance state. 


3. Assuming that CS1 High transition or CS2 Low transition occurs coin¬ 
cident with or prior to WE High transition. Outputs remain in a high 
impedance state. 


A. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 


Output Enable Time 


t CLZ> t OLZ> fc WLZ 
< B) t CHZ> tQHZ’ fc WHZ 


Output Disable Time 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 9 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS 


TMM2089P-35, TMM2089P-45 


DESCRIPTION! 

The TMM2089P is a 73,728 bits high speed N-channel silicon gate MOS static random 
access memory organized as 8,192 words by 9 bits and operates from a single 5-volt 
supply. The TMM2089P is features an automatic stand-by mode when deselect by CS1 
signal. Thus the TMM2089P is suitable for use in cache memory and high speed storage. 
TheTMM2089P has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM 
with Parity bit. The TMM2089P is offered in a 28 pin standard plastic dual in-line 
package with 0.3 inch width for high density assembly. 


FEATURES 


Access Time and Current 


^\Parameter 

Part^"\^ 

Number 

Access 

Time 

(MAX.) 

Operating 

Current 

(MAX.) 

Standby 

Current 

(MAX.) 

TMM2089P-35 

35ns 

135mA 

15mA 

TMM2089P-45 

45ns 

135mA 

15mA 


Inputs Protected: 


(All inputs have 
protection against 
static charge.) 


BLOCK DIAGRAM 


Single 5V Power Supply 
Fully Static Operation 
Power Down Feature: (CS1) 
Outpnt Buffer Control: (OE) 
Three State Outputs 
All Inputs and Outputs: 
(Directly TTL Compatible) 


CLOCK 


PRECHARGE 

GENERATOR 


CIRCUIT 


A12 c 


02 

- 

X 




_ 

a 



o 

^ o IL 


^ O 

o a o 


O H 

X < ffi 

- 

CCQ 


MEMORY CELL 
ARRAY 
256 y 32x9 
(73728 ) 


-ognd 


[PIN connection] 


A8C 1 
A7C 2 
A6C 3 
A5 C 4 
A4 C 5 
A3 C 6 
A2C 7 
AlC 8 
AO C 9 
I/O ] C 10 
I/02C II 
1/0 3 C 12 
I/O 4 C 13 
GNDC 14 


24 

23 

22 

21 

20 

19 

18 

17 

16 

15 


27 3WE 
26 3CS2 
25 3A9 
3 A10 

□ All 

□ OE 

□ A12 

□ csl 

□ 1/0 9 

□ 1/0 8 

□ I/O 7 

□ /0 6 
□ 1/0 5 


PIN NAMESI 



[OPERATION MODE 


AO v A12 

Address Inputs 

MODE 

CS1 

CS2 

OE 

WE 

1/01 %9 

Power 

WE 

Write Enable Input 

Write 

L 

H 

HI 

L 

In 

Active 

OE 

Output Enable Input 

Read 

L 

H 

H 

H 

Out 

Active 

CS1, CS2 

Chip Select Inputs 

Standby 

II 

■a 

* 


High-Z 

Standby 

1/01 % 1/09 

Data Input/Output 

Standby 

mm 


A 

H 

High-Z 

Active 

V CC 

Power (+5V) 

Output Buffer 
Disable 

D 

H 

H 

H 

High-Z 

Active 

GND 

Ground 
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impifiMMiml 


SYMBOL 


V CC 


Power Supply Voltage 


VlN, VOUT Input Output Voltage 


Operating Temperature 
Storage Temperature 


Soldering Temperature • Time 
Power Dissipation (Ta=70°C) 


RATING 


-3.5 ^7.0 


-3.5 a-7.0 


0 ^70 


-55 ^150 


260 • 10 


1.0 



D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 



PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Input High Voltage 

'Kill 

- 

Vcc+1.0 

V 

Input Low Voltage 


- 

0.8 

V 

Supply Voltage 

■B 

5.0 

5.5 

V 


* Pulse Width: 10ns, DC: -0.5V(Min.) 

D.C. CHARACTERfSTICS" (Ta =0 7 0°C~ "vcc=5 .0V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN =0V ^5.5V 

-1.0 

1.0 

yA 

iOH 

Output High Current 

V OH =2.4V 

-4.0 

- 

mA 

I OL 

Output Low Current 

V ol =0.4V 

00 

o 

- 

mA 

I LO 

Output Leakage Current 

CS1=V 1H or CS2=V IL or WE=V IL 

or 0E=Vni, VoUT=0V%5.5V 

-1.0 

1.0 

yA 

ISBP 

Peak Power-on Current 

csl=v cc , CS2=0V, I OUT =0mA 

- 

30 

mA 

lSB 

Standby Current 

CSl=Vi H , IoUT =0rnA 

- 

15 

mA 

l cc 

Operating Current 

CS1=Vil, IoUT = O m A 

- 

135 

mA 


CAPACITANCE* (Ta=25°C, f=l.0MHz) 


SYMBOL 

PARAMETER 

ClN 

Input Capacitance 

C 0UT 

Output Capacitance 


CONDITIONS 



MAX. 

UNIT 

8 

nE 

10 



* Note: This parameter is periodically smapled and is not 100% tested. 
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TMM2089P-35, TMM2089P-45 


A.C. CHARACTERISTICS (Ta=0^70°C > Vcc = 5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TMM2080P-35 

TMM2089P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

fc RC 

Read Cycle Time 

35 

- 

45 

- 


tACC 

Address Access Time 

- 

35 

- 

45 


tcoi 

CS1 Access Time 

- 

35 

- 

45 


tC02 

CS2 Access Time 

- 

25 

- 

25 


tOE 

OE Access Time 

- 

20 

- 

20 


tOH 

Output Data Hold Time from Address 
Change 

5 

- 

5 

- 

ns 

tCLZ 

Output Enable Time from CS1 or CS2 

0 

- 

5 

- 


c CHZ 

Output Disable Time from CS1 or CS2 

- 

20 

- 

20 


tOLZ 

Output Enable Time from OE 

0 

- 

0 

~ 


t OIIZ 

Output Disable Time from OE 

- 

15 

- 

15 


C PU 

Chip Selection to Power Up Time 

0 

- 

0 

- 


tPD 

Chip Deselection to Power Down Time 

- 

30 

■ 

30 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TMM2089P-35 

TMM2089P-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 


fc cs 

Chip Selection to End of Write 

30 

- 

40 

- 


C AS 

Address Set Up Time 

0 

- 

0 

- 


fc WP 

Write Pulse Width 

25 

- 

35 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tDS 

Data Set Up Time 

15 

- 

20 

- 


fc DH 

Data Hold Time 

0 

- 

0 

- 


tWLZ 

Output Enable Time from WE 

0 

- 

0 

- 


t mz 

Output Disable Timf from WE 

- 

15 

- 

15 



| A.C. TEST CONDITIONS! 

Input Pulse Levels 

0.0V/3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Reference Levies 

2.0V/0.8V 

Output Load 

Fig. 1 


Fig- 1 


5 ion 


I/OpinQ- 


: C L- < 3000 
30 pF | 
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TMM2089P-35, TMM2089P-45 


UNKNOWN 


I l WLZ (5) 


tWHZ (5) 


c CHZ (5) 


WRITE CYCLE 1 (4) (WE Controlled Write) 


output data valid 


READ CYCLE (1) 


ADDRESSES 


tQ LZ (5) 


CS 2 


v OUT 


High 

Impedan ce 


TIMING WAVEFORMS 









































TMM2089P-35. TMM2089P-45 






Note: 1. WE is High for Read Cycle. 

2. Assuming that CS1 Low transition or CS2 High transition occurs coin¬ 
cident with or after WE Low transition. Outputs remain in a high 
impedance state. 

3. Assuming that CS1 High transition or CS2 Low transition occurs coin¬ 
cident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

A. Assuming that 0£ is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 

( A ) tCLZ* c OLZ> tWLZ . Output Enable Time 

( B ) bCHZ> tOHZ» tWHz . Output Disable Time 



■^OUT High Impedance 


: 0.15 V 

High Impedance 






















TOSHIBA MOS MEMORY PRODUCTS 


TC5588P/J-20, TC5588P/J-25, 
TC5588P/J-35 


DESCRIPTION 

The TC5588P/J is a 65,536 bit high speed static ran¬ 
dom access memory organized as 8,192 words by 8 bits 
using CMOS technology, and operated from a single 
5-volt supply. Toshiba's high performance device tech¬ 
nology provides both high speed and low power features 
with a maximum access time of 20ns/25ns/35ns and 
maximum operating current of 120mA at maximum 
cycle time. The TC5588P/J also features an automatic 

FEATURES 

• Fast access time: 

TC5588P/J-20 20ns (MAX.) 

TC5588P/J-25 25ns (MAX.) 

TC5588P/J-35 35ns (MAX.) 

• Power dissipation: Operation 120mA (MAX,) 

Standby 20mA (MAX.) 


stand-by mode. The TC5588P/J is suitable for use in 
cache memory and high speed storage, where high speed/ 
high density are required. The TC5588P/J is moulded in a 
28 pin standard plastic DIP and a 28 pin plastic SOJ, with 
0.3 inch width for high density assembly. The TC5588P/J 
is fabricated with ion implanted CMOS silicon gate MOS 
technology for high performance and high reliability. 


• 5V single power supply 

• Full static operation 

• Directly TTL compatible: All input and output 

• Package: 28 pin plastic 300 mil DlP (TC5588P) 

28 pin plastic 300 mil SOJ (TC5588J) 


PIN CONNECTION 


BLOCK DIAGRAM 


N.C. C 


' 28 

Vcc 

N.C. [ 

Zo—: 

28 > t 

A12t 

2 

27 

WE 

A1 21 

2 

^ 3 

A 7 C 

3 

26 

J CE2 

A 7 1 

3 

26 3 

A6 I 

4 

25 

1 A8 

A6 £ 

4 

25 3 

A5 t 

5 

24 

1 A 9 

A5I 

5 

24 3 

A4 £ 

6 

23 

1 At 1 

A4[ 

6 

23 ] 

A3 I 

7 

22 

) 0E 

A3£ 

7 

22 

A2 1 

8 

21 

3 A10 

A2l 

8 

21 

A 1 [ 

9 

20 

1 CEl 

A 1 [ 

9 

20] 

A0 l 

10 

19 

1 I/Os 

AOl 

10 

19 

l/01 

11 

18 

) 1/07 

I/oi( 

11 

18 ; 

1/02 [ 

12 

17 

J 1/06 

1/02 [j 

12 

17 

1/03 

13 

16 

J I/Ob 

1/03 

13 

16 

Q ND C 

14 

15 

J 1/04 

QND c 

14 

15 

_/ 


(DIP) 


(SOJ) 


PIN NAME 


AO ~ A12 

Address Input 

1/01 ~ 1/08 

Data Input/Output 

CEl, CE2 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

V 

Power (5V) 

GND 

Ground 


CLOCK 


PRECHARGE 

GENERATOR 


CIRCUIT 



1 -1 

ROW 

ADDRESS 

BUFFER 

X 

£3 

Q 

0 

1 >0 

0 « 
xn 




MEMORY CELL 
ARRAY 
256X32X8 
( 65536 ) 



V DD 

GND 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORDX9 BIT CMOS 
STATIC RAM 


TC5589P/J-20, TC5589P/J-25, 
TC5589P/J-35 


DESCRIPTION 

The TC5589P/J is a 65,536 bit high speed static ran¬ 
dom access memory organized as 8,192 words by 9bits 


DESCRIPTION 

The TC5589P/J is a 65,536 bit high speed static ran¬ 
dom access memory organized as 8,192 words by 9bits 
using CMOS technology, and operated from a single 
5-volt supply. Toshiba's high performance device tech¬ 
nology provides both high speed and low power features 
with a maximum access time of 20ns/25ns/35ns and 
maximum operating current of 120mA at maximum 
cycle time. The TC5589P/J also features an automatic 


stand-by mode. The TC5589P/J is suitable for use in 
cache memory jand high speed storage, where high speed/ 
high density are required. The TC5589P/J is moulded in a 
28 pin standard plastic DIP and a 28 pin plastic SOJ, with 
0.3 inch width for high density assembly. The TC5589P/J 
is fabricated with ion implanted CMOS silicon gate MOS 
technology for high performance and high reliability. 


FEATURES 

• Fast access time: 

TC5589P/J-20 20ns (MAX.) 
TC5589P/J-25 25ns (MAX.) 
TC5589P/J-35 35ns (MAX.) 

• Power dissipation: Operation 120mA (MAX.) 

Stand by 20mA (MAX.) 

PIN connection 


• 5V single power supply 

• Full static operation 

• Directly TTL compatible: All input and output 

• Package: 28 pin plastic 300 mil DIP (TC5589P) 

28 pin plastic 300 mil SOJ (TC5589J) 

BLOCK DIAGRAM 





PIN NAMES 


A0~ A13 

Address Inputs 

1/01 ~ 1/04 

Data Input/Output 

CE1.CE2 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

V DD 

Power (+5V) 

GND 

Ground 
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DESCRIPTION 

The TC5561P/J is a 65,536 bit high speed static 
random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45/55/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5561P/J also features an automatic stand¬ 
by mode. When deselected by Chip Enable (CE), the 
operating current is reduced from 100mA to 100 mA. 

FEATURES 

• Fast access time : TC5561P/J-45 45ns (MAX.) 

TC5561P/J-55 55ns (MAX.) 

• Low power dissipation : Operation 100mA(MAX.) 

Standbyl 00/zA(MAX.) 

• 5V single power supply 

PIN CONNECTION (TOP VIEW) 


• Fully static operation 

• Directly TTL compatible : All Input and Output 

• I/O separate 

• Package: 22 pm standard plastic package, 
300mil width: TC5561P 

24 pin plastic 300 mil SOJ : TC5561J 

BLOCK DIAGRAM 


The TC5561P/J is suitable for use in main memory 
of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561P is moulded in a 22 pin standard 
plastic SOJ with 300 ml width for high density 
surface assembly. 

The TC5561P/J is fabricated with ion implanted 
CMOS silicon gate MOS technology for high per¬ 
formance and high reliability. 



PIN NAMES 


Ao—Ai 5 

Address Inputs 

Din 

Data Input 

Dout 

Data Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

Vdd 

Power (4 5V) 

GND 

Ground 
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TC5561P/J-45, TC5561P/J-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-2.0-7.0 

V 

Vout 

Output Voltage 

-0.5 — Vdd + 0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260• 10 

°C-sec 

Tstg 

Storage Temperature 

-65-150 

°C 

Topr 

Operating Temperature 

o 

l 

o 

•c 


D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

V | L 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 0-70°C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

In 

Input Leakage Current 

Vin = 0 — Vdd 

- 

- 

±1 .0 

aA 

lOH 

Output High Current 

Voh = 2.4V 

-8 

- 

- 

mA 

lOL 

Output Low Current 

Vol = 0.4V 

8 

- 

- 

mA 

Ilo 

Output Leakage Current 

CE = Vih or WE = Vil 

Vout = 0 — Vdd 

- 

- 

±1 .0 

aA 

Iddo 

Operating Current 

Vdd = 5.5V, tcycie — Min cycle, 

CE = Vil 

Other lnput=ViH/Vn 

- 

- 

100 

mA 

Iddsi 

Standby Current 

CE = V|H 

- 

- 

2 

mA 

IDDS2 

CE = Vdd — 0.2V 


- 

100 

aA 


CAPACITANCE (Ta = 25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

PF 

CoUT 

Output Capacitance 

Vout=GND 

10 

PF 


Note : This parameter periodically sampled is not 100% tested. 
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TC5561P/J-45, TC5561P/J-55 


A. C. CHARACTERISTICS (Ta-O- 70'C. Voo 5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5561 P/J-45 

TC5561 P/J-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

45 

- 

55 

- 

ns 

tACC 

Address Access Time 

- 

45 

— 

55 

tco 

Chip Enable Access Time 

- 

45 

_ 

55 

tCOE 

Chip Enable to Output in Low-Z 

10 

- 

10 

- 

tCOD 

Chip Disable to Output in High-Z 

- 

15 

- 

15 

tQH 

Output Data Hold Time 

5 

- 

5 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC5561 P/J-45 

TC5561 P/J-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

45 

- 

55 

- 

ns 

twp 

Write Pulse Width 

30 

- 

35 

- 

tew 

Chip Enable to End of Write 

30 

- 

35 

- 

tAS 

Address Set up Time 

0 

- 

0 

- 

twn 

Write Recovery Time 

0 

- 

0 

- 

t OEW 

WE to Output Low-Z 

0 

- 

0 

- 

t ODW 

WE to Output High-Z 

- 

15 

- 

15 

t DS 

Data Set up Time 

25 

- 

25 

- 

t DH 

Data Hold Time 

0 

- 

0 

- 


A. C. TEST CONDITIONS 



Input Pulse Levels 

2.4V/0.6V 

Input Rise and Fall Times 

5ns 

Input and Output Timing 

Reference Levels 

1,5V 

Output Load 

See Fig. 1 


Fig.l Output Load 
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TC5561P/J-45, TC5561P/J-55 


TIMING WAVEFORMS 

• READ CYCLE (1) 



• WRITE CYCLE 1 (WE Controlled Write) 



C wc 


Address ^ 

c - :. > 

<- 


t AS 

1. 

t WP 

t 

'WR 


WE -^ 



i_/ 

tew 

/- 



/ 

Y///////////////////A 

t 

0DW-~ - 

4- * 


.-tQEW 



s 

w 

mmmm 


tr) s_^ 

t DE 

: 

d in n 

_/ 

"MitnrTi 

BBS 


• WRITE CYCLE 2 (CE Controlled Write) 



twc 


Address ^ 

< _ . _ > 

C-- 


^AS 

—H 


t w p 

tWR 




s. / 

v/////////y////m 




tew 


CE ^ 

t C0E 



_/ 

/ - 



n 





n 

"* *0 i)W 

^OUT |N 

XXXX/ 

tDS 


: tpH 






°in y 

y PAT A IN \ 
N STABLE ? 

< 


Note _ 

1 . WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high 

impedance state. _ 

3. Assuming that CE High transition occurs coincident with or prior to WE High transition, Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 


22 21 20 19 18 17 16 15 14 13 12 


1 2 3 4 5 6 7 8 9 10 11 


Unit in iran 





(No te ) 

2.54 +0.2 5 


BH 


Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No.22 leads. 


Plastic SOJ 


Unit in mm 


24 23 22 21 20 19 ,18 17 16 15 14 13 




^ S CO 

l i l 

Ol © co 

+ * tf) 

to ® 


1 2 3 45 6 7 8 9 10 1112 


mtm-. 



Note: Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the ture longitudinal 
position with respect to No.l and No.24 leads. 


Note Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry 
©May , 1986 Toshiba Corporation 

















TC5562P/J-35,TC5562P/J-45 


65,536 WORD X 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 


DESCRIPTION 

The TC5562P/J is a 65,536 bit high speed static random access memory organized 
as 65,536 words by 1 bit using CMOS technology, and operated from a single 5-volt 
supply. Toshiba’s high performance device technology provides both high speed and 
low power features with a maximum access time of 35ns/'45ns/55ns and maximum operating 
current of 100mA at minimum cycle time. The TC5562P/J also features and automatic 
standby mode. When deselected by chip Enable (CE), the operating current is reduced 
from 100mA to 20mA. The TC5562P/J is suitable for use in main memory of high speed 
computer and pattern memory, where high speed/high density are required. The TC5562P 
is moulded in a 22 pin plastic DIP with 300 mil width for high density surface as¬ 
sembly and the TC5562J is moulded in a 24 pin plastic SOJ with 300 mil width for high 
density surface assembly. The TC5562P/J is fabricated with ion implanted CMOS silicon 
gate MOS technology for high performance and high reliability. 


FEATURES 


• Fast access time: TC5562P/J-35 35ns(MAX.) 

TC5562P/J-45 45ns(MAX.) 

• Low power dissipation: 

Operation 100mA (MAX.) 
Standby 20mA (MAX.) 


• 5V single power supply 

• Fully static operation 

• Directly TTL compatible: All Input 

and Output 


• 1/0 separate 


PIN CONNECTION 


TC5562P TC5562J 

(TOP VIEW) (TOP VIEW) 



• Package: 22 Pin Plastic 300 mil DIP 
: TC5562P 

24 Pin Plastic 300 mil SOJ 
: TC5562J 


BLOCK DIAGRAM 
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TC5562P/J-45, TC5562P/J-55 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-2.0-7.0 

V 

VoUT 

Output Voltage 

— 0.5— Vdd + 0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260 • 10 

”C-sec 

Tstg 

Storage Temperature 

-65-150 

•c 

Topr 

Operating Temperature 

0-70 

•c 


D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

Vih 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

VlL 

Input Low Voltage 

-3.0 

- 

0.8 

V 


D. C and OPERATING CHARACTERISTICS (Ta=0~70 C, V DD -5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin = 0—Vdd 

- 

- 

±1.0 

//A 

l0H 

Output High Current 

V 0h = 2.4V 

-8 

- 

- 

mA 

loL 

Output Low Current 

Vol = 0.4V 

8 

- 

- 

mA 

Ilo 

Output Leakage Current 

< n l 

o m 
5 II 1 
ll < 
O i 
l o 

m| 

II 

< 

- 

- 

±1.0 

aA 

Iddo 

Operating Current 

Vdd = 5.5V, tcyc!e = Min cycle, 

CE=Vn 

Other lnput=ViH/Vn 

- 

- 

100 

mA 

Iddsi 

Standby Current 

CE=V|H 

- 

- 

20 

mA 

IdDS2 

CE"=Vdd —0.2V 

Other lnput=VoD — 0.2V or 0.2V 

- 

- 

2 


CAPACITANCE (Ta = 2 5 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin^GND 

10 

pF 

COUT 

Output Capacitance 

Vout=GND 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 
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PARAMETER 


Read Cycle Time 
Address Access Time 
Chip Enable Access Time 
Chip Enable to Output in Low-Z 
Chip Disable to Output in High-Z 


Output Data Hold Time 


TC5562P/J-35 


35 


■ Bj 


Write Cycle 


PARAMETER 
Write Cycle Time 


Write Pulse Width 


Chip Enable to End of Write 


Address Set up Time 


Write Recovery Time 


tOEW 

WE to Output Low-Z 

tODW 

WE to Output High-Z 

tDS 

Data Set up Time 


TC5562P/J-35 TC5562P/J-45 

MIN. I MAX. MIN. I MAX. 


A. C. TEST CONDITIONS 



nput Pulse Levels 

2.4V/0.6V 


nput Rise and Fall Times 

5ns 

1 

nput and Output Timing 

Reference Levels 

1 ,5V 

1 

Output Load 

See Fig. 1 



Fig.l Output Load 









































TIMING WAVEFORMS 

• READ CYCLE (1) 


— > 

t RC 


cz_I_:_ i 

<- 


t ACC 

1 1 

,*04. 


■ 






A 

YS//////S/A 

W//A 



■ 


tCOD 




( OUTPUT DATA VALID ) 



• WRITE CYCLE 1 (WE Controlled Write) 


t wc 


Address 

< — 

- tAS 1 i 

t WP 

t WR 



s_/ 

/- 

■■kpi 



A 


t 0DW 


p 

tQEW 


S 



1 

t DP 



-s 

d T.N / 

\Y DATA IN > 
K STABLE / 

< 


• WRITE CYCLE 2 (CE Controlled Write) 



%c 


Address ) 

L " ." > 

l<- 


tAS 


t w p 

tWR 


w TZM 






tew 


CE ^ 

t C0E > 


_/ 

i toDW 

/ - 

D 

YXX'JA/. 

S 


/ 

L t DS j 


tDH 

j “ 1 



Dtn ’ 

S4 DATA IN \ 
/\ STABLE / 

(_ 


vlote : 

1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition. Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior WE High transition. Outputs remain in a high 
impedance state. 

4. The operating temperature(Ta) in guaranteed with transverse air flow exceeding 400 linear feet per minute. 









TC5562P/J-45, TC5562P/J-55 

OUTLINE DRAWINGS 


22 21 20 19 18 17 16 15 14 13 12 


n n n n n r 

hi — ii — ii — ii — i n 


6.6MAX 

1 

L_ 



jj^Rl.O 




□ U □ U 1_11^ 

pr i —j L_n_j i_j ur 



123 456 78 9 10 11 


Unit in mm 




ote : Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the true longitudinal position with respect to No. 1 and No.22 leads. 




Plastic SOJ 


Note: 


Unit in mm 




24 23 22 21 20 19 

n n n n n n 

18 17 16 15 14 13 

n n n n n n 


s 
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7.5 0 


u Liizru m=r 

u u u u u u 


12 3 45 6 7 8 9 10 1112 


0.9 TYP. 




Note: Each lead pitch is 1,27mm. 

All leads are located within 0.12mm of the ture longitudinal position with respect to No. 1 and 
No. 24 leads. 


Toshiba does not assume any responsibility for use of any cirtry described: no circuit patent licenses are implied, and Toshiba reserves the right, at any time without 
notice, to change said circuitry. 

C May. 1 986 Toshiba Corporation 








TOSHIBA MOS MEMORY PRODUCTS 



TC55416P/J-25, TC55416P/J-35 

DESCRIPTION 

The TC55416P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns and maximum operating current of 

120mA/100mA at minimum cycle time. 

The TC55416P/J also features an automatic stand-by mode. When deselected by Chip Enable 
(CE), the operating current is reduced to 20mA. 

The TC55416P/J is suitable for use in cache memory and high speed storage, where high 
speed/high density are required. 

The TC55416P/J is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 
with 0.3 inch width for high density assembly. 

The TC55416P/J is fabricated with ion implanted CMOS silicon gate MOS technology for 
high performance and high reliability. 

FEATURES 

• Fast access time: • 5V single power supply 

TC55416P/J-25 25ns(MAX.) • Fully static operation 

TC55416P/J-35 35ns(MAX.) • Directly TTL compatible: All Input and 

Output 

• Low power dissipation: • Package: 

Operation TC55416P/J-25 120mA(MAX.) 22 pin plastic 300mil DIP (TC55416P) 

TC55416P/J-35 100mA(MAX.) 24 pin plastic 300mil SOJ (TC55416J) 


Standby 20mA(MAX.) 

PIN CONNECTION 

TC55416P TC55416J 



(SOJ) 


PIN NAMES 


A0 ^ A13 

Address Inputs 

1/01^ 1/04 

Data Input/Output 

cs 

Chip Enable Input 

wF 

Write Enable Input 

VDD 

Power (+5V) 

GND 

Ground 

N.C. 

Mo Connection 


BLOCK DIAGRAM 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VIN 

Input Voltage 

-2.0-7.0 

V 

VOUT 

Output Voltage 

-0.5~VpD+0.5 

V 

PD 

Power Dissipation 

650 

mW 

^solder 

Soldering Temperature 

260-10 

°C•sec 

T stg 

Storage Temperature 

-65-150 

°C 

Topr 

Operating Temperature 

0-70 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VDD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 


V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=0~70°c, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IIL 

Input Leakage Current 

Vin=0~Vd D 

- 

- 

±1.0 

liA 


Output High Current 

VOH=2.4V 

-4 

1 

- 

mA 

lOL 

Output Low Current 

Vol=0.4V 


■ 

~ 

mA 

lL0 

Output Leakage Current 

CE=Vih or WE=Vxp 

VOUT =0 ~ V DD 

■ 


±1.0 

dA 

PddO 

Operating Current 

V D D=5.5V 

tcycle = Min cycle 

CE=Vil 

Other Input=Vxn/VlL 

a 

■ 

- 

120 

mA 

a 


■ 

100 

IDDS1 

Standby Current 

VdD = 5.5V, t cyc ie=Min cycle 
CE=Vi H , Other Input=ViH/Vip 

■ 

■ 

20 

mA 

X DDS2 

CE=VdD~0-2V 

Other Input=Vpp)-0.2V or 0.2V 

■ 

■ 

1 


CAPACITANCE (Ta=25°c) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

v in =gnd 

7 

pF 

COUT 

Output Capacitance 

v out =gnd 

9 

P F 


Note: This parameter periodically sampled is not 100% tested. 
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SYMBOL 

PARAMETER 

c RC 

Read Cycle Time 

tACC 

Address Access Time 

c CO 

Chip Enable Access Time 

tCOE 

Chip Enable to Output in Low-Z 

c COD 

Chip Enable to Output in High-Z 

tQH 

Output Data Hold Time 


Write Cycle 


SYMBOL 

PARAMETER 

twc 

Write Cycle Time 

twp 

Write Pulse Width 

tew 

Chip Enable to End of Write 

tAS 

Address Set Up Time 

tWR 

Write Recovery Time 

tODW 

WE to Output High-Z 

tOEW 

WE to Output Low-Z 

tDS 

Data Set Up Time 

tDH 

Data Hold Time 


A. C. TEST CONDITIONS 


Input Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 


Output Load 


See Fig.l 













































































DATA IN STABLE 


WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WE is High for Read Cycle. _ 

2. Assuming that CE Low transition occurs coincident with or after WE 
Low transition. Outputs remain in a high impedance state. 

3. Assuming that CET High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TG55416P/J-25, TC5541BP/J-35 

OUTLINE DRAWINGS 


o Plastic SOJ 


Unit in mm 


l 16.0MAX. 


✓ 

24 23 22 21 20 19 

n n n n n n 

18 17 16 15 14 13 

n n n n n n_ 
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0.9 TYP. 




Note: Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the true longitudinal position 
with respect to No.l and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC55417P/J-25 

description TC55417P/J-35 


The TC55417P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current of 
12OmA/100mA/100mA at maximum cycle time. The TC55417P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(CE), the operating current is reduced 
to 20mA. The TC55417P/J is suitable for use in cache memory and high speed storage, 
where high speed/high density are required. The TC55417P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic SOJ, with O'. 3 inch width for high density 
assembly. The TC55417P/J is fabricated with ion implanted CMOS silicon gate MOS tech¬ 
nology for high performance and high reliability. 

FEATURES 

• Fast access time: TC55417P/J-25 25ns(MAX.) 

TC55417P/J-35 35ns(MAX.) 


• Low power dissipation: Operation TC55417P/J-25 120mA(MAX.) 

TC55417P/J-35 100mA(MAX.) 

Standby 20mA(MAX.) 

• 5V single power supply 

• Fully static operation 

• Directly TTL compatible: All Input and Output 

• Output buffer control: OE 

• Package: 24 Pin plastic 300 mil DIP (TC55417P) 

24 Pin plastic 300 mil SOJ (TC55417J) 


PIN CONNECTION 


(TC55417F) 


(TC55417J) 



PIN NAMES 


A0 4, A13 

Address Inputs 

1/01 * 1/04 

Data Input/Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

or 

Output Enable Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 
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SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3 % 7.0 

V 

VlN 

Input Voltage 

-2.0 a, 7.0 

V 

v OUT 

Output Voltage 

-0.5 ^Vpp+0.5 

V 


Power Dissipation 

650 

mW 

Psolder 

Soldering Temperature • Time 

'260 • 10 

0 O sec 

T stg 

Storage Temperature 

-65 % 150 

°C 

Topr 

Operating Temperature 

0 ^70 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 



D.C. and OPERATING CHARACTERISTICS (Ta=0%70°C, v DD =5V±lo%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 



UNIT 

IlL 

Input Leakage Current 

VIN~0^V DD 

- 


±1.0 

EEU 

I 0 H 

Output High Current 

V 0H =2.AV 

-A 

■ 

- 

ESH 

Pol 

Output low Current 

Vql^O.AV 

8 

■ 

- 

mA | 

o 

hJ 

M 

Output Leakage Current 

CE=V ih or WE=V il 

Vqut = 0 ^ v DD 

- 

■ 

±1.0 


Tddo 

Operating Current 

VDD=5.5V 

tcycle=Min cycle 

ce=v il 

Other Input=ViH/VlL 

-25 

- 

■ 

120 


-35 

- 

- 

100 

PDDSI 

Standby Current 

VpQ=5.5V, t cycle=Min cycle 
CE=Vik, Other Input=Vjp/Vpp j 

- 

■ 

20 

mA 

X DDS2 

CE=V DD -0.2V 

Other Input=V£)p-0.2V or 0.2V 

- 

■ 

1 


CAPACITANCE (Ta=25°C) 


SYM30L 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C iy 

Input Capacitance 

Vj^=GND 

7 

pF 

COUT 

Output Capacitance 

v out =gnd 

9 

P F 


Note: This parameter periodically sampled is not 100% tested. 
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TC55417P/J-25 

TC55417P/J-35 


A.C. CHARACTERISTICS (Ta=0 ^70°C, V DD =5V±10%) 

Read Cycle 


SYMBOL 

PARAMETER 

tRC 

Read Cycle Time 

t ACC 

Address Access Time 

t C0 

Chip Enable Access Time 

t 0F. 

Output Enable to Output Valid 

t C0E 

Chip Enable to Output in Low-Z 

tCOD 

Chip Enable to Output in High-Z 

t 0EE 

Output Enable to Output in Low-Z 

t OD0 

Output Enable to Output in High-Z 

t 0H 

Output Data Hold Time 

Write C 

ycle 

SYMBOL 

PARAMETER 

two 

Write Cycle Time 

C WP 

Write Pulse Width 

c CW 

Chip Enable to End of Write 

C AS 

Address Set Up Time 

fc WR 

Write Recovery Time 

t 0DW 

WE to Output High-Z 

rt 

O 

WE to Output Low-Z 

C DS 

Data Set Up Time 

C DH 

Data Hold Time 


A.C. TEST CONDITIONS 


Input Pulse Levels 
Input Rise and Fall Time 

Input and Output Timing 
Reference Levels 
Output Load 


0.0V, 3.0V 
5ns 

0.8V, 2.0V 
See Fig. 1 


TC55417P/J-25 TC55417P/J-35 



TC55417P/J-25 TC55417P/J-35 



Fig. 1 OUTPUT LOAD 


ote: In all condition, t^gn max as less than t^QE m l n both for a given devic 

from device to device. 



































W-V' > .sU 


TC55417P/J- 

TC55417P/J- 








READ CYCLE U) 

ADDRESS 



|_ C ODO 
OUTPUT DATA VALID 


WRITE CYCLE 1 (WE Controlled Write) 



k , c cw I 

■■1! 

Wmmmmmmmma 






HIGH IMPEDANCE 


C DS 


DATA IN STABLE 


MSB 

lEa 


WRITE CYCLE 2 (CE Controlled Write) 


ADDERS 3 

ce 




MPEDANCE 


- tps . - i ^ 

DATA IN STABLE 


WE is High for Read cycle. 

Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

Assuming that CE High transition occurs coincident with or prior to VJE 
High transition. Outputs remain in a high impedance state. 

The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 
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TOSHIBA 


HIGH SPEED PROGRAMMING MODE 
FEATURES 

The High Speed Programming I or High Speed 
Programming II Algorithms may be used to program 
64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro¬ 
gramming II Algorithm. 


The High Speed Programming I Algorithm uses 
1ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1 ms programming pulse and the flow chart is 
shown in Figure 2. 


APPLICABLE DEVICES 


Device 

Name 

Theoretical Programming Time 

EPROM 

One Time PROM 

1 

II 

TMM2764AD/ADI 

TM M2464AP/AF 

33 sec 

0.8 sec 

TMM27128AD/ADI 

TMM241 28AP/AF 

66 sec 

1.7 sec 

TMM27256AD/ADI/BD/BDI 

TMM24256AP/AF/BP/BF 

131 sec 

3.3 sec 

TC57256AD 

TC54256AP/AF 

131 sec 

3.3 sec 

TMM27512D/DI/AD/ADI 

TMM2451 2P/F/AP/AF 

262 sec 

7.0 sec 

TC571000D 

TC541000P 

N/A 

14 sec 

TC571001D 

TC541001P 

N/A 

14 sec 


IDENTIFICATION MODE 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 

Set A9=12V±0.5V, A0=ViL, Other Addresses=ViL 

Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 

Set A9=12V±0.5V, A0=ViH, Other Addresses=ViL. 

Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 


Device 

Name 

Signature 

EPROM 

One Time PROM 

Manufacture Code 

Device Code 

TMM2764AD/ADI 

TMM2464AP/AF 

98 

52 

TMM27128AD/ADI 

TMM24128AP/AF 

98 

D3 

TMM27256AD/ADI/BD/BDI 

TMM24256AP/AF/BP/BF 

98 

54 

TC57256AD 

TC54256AP/AF 

98 

C4 

TMM27512D/DI/AD/ADI 

TMM24512P/F/AP/AF 

98 

15 

TC571000D 

TC541000P 

98 

86 

TC571001D 

TC541001 P 

98 

07 
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Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 
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TOSHIBA MOS MEMORY PRODUCTS 

8,192 WORD X 8 BIT UV ERASABLE AND TMM2764AD-15, TMM2764AD-150 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY TMM2764AD-20, TM M2764AD-200 


DESCRIPTION 

TheTMM2764AD is a 8192 word X8 bit ultraviolet light 
erasable and electrically programmable read only mem¬ 
ory. For read operation, the TM M2764AD’s access time 
is 150ns/200ns, and the TMM2764AD operates from a 
single 5-volt power supply and has a low power standby 
mode which reduces the power dissipation without 
increasing access time. 


The standby mode is achieved by applying a TTL-high 
level signal to the CE input. 

For program operation, the programming is achieved by 
using the high speed programming mode. 

The TMM2764AD is fabricated with the N-channel 
silicon double layer gate MOS technology. 


FEATURES 



-15 

-20 

-150 

-2°° 1 

Vcc 

5V± 5% 

5V ±10% 

tACC 

1 50ns 

200ns 

150ns 

200ns | 

ICC2 

100mA 

120mA 

Icci 

30mA 

35mA 


• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764A 


PIN CONNECTION (TOP VIEW) 


V pp c i 

A12 C 2 

A7 C 3 
A 6 C 4 
A 5 C 5 
A 4 C 6 
A 3 C 7 
a 2 c 8 
Alt 9 
A 0 C 10 

o 0 r 11 

0 1 [ 12 

0 2 C 13 
GND[ 14 


28] VqC 

27 ] POM 
26 ] N.C. 
25 ] A 8 
24 ] Ag 
23 ] A}} 
22 ] OE 
21 J A 10 
20 1 CE 
19 ] 0 7 
18 3 0 6 
17 ] 0 5 
16 3 0 4 
15] 0 3 


PIN NAMES 


Ao~ Ai 4 

Address Inputs 

O 

i 

O 

O 

Outputs (Inputs) 

CE" 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

N. C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp QND V CC Oq Oj C>2 o 3 o 4 o 5 o 6 0 7 



MODE SELECTION 


PIN 

MODE"'''\ 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~0 7 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 



Data Out 


Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Active 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

* 

H 

* 

12.5V 

6V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

_ 

L 

_ 


Data Out 



Note * : H or L 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-20Q 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

Vin 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260• 10 

“C•sec 

Tstrg. 

Storage Temperature 

-65-125 

'C 

Topr 

Operating Temperature 

0-70 

“C 


READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2764AD-1 5/20 

TMM2764AD-1 50/200 

Ta 

Operating Temperature 

0 — 70°C 

0 —70°C 

Vcc 

Vcc Power Supply Voltage 

5 V ± 5% 

5V± 1 0% 

Vpp 

Vpp Power Supply Voltage 

2.0—Vcc±0.6V 

2.0- Vcc + 0.6 V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

< 

2 

II 

o 

1 

< 

o 

n 

- 

- 

±10 

trA 

Ilo 

Output Leakage Current 

Vout = 0.4~Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

CE=Vih 

-15/20 

- 

- 

30 

mA 

-150/200 

- 

- 

35 

Icc 2 

Supply Current (Active) 

CE~=Vil 

-15/20 

- 

- 

100 

mA 

-150/200 

- 

- 

120 

VlH 

Input High Voltage 

- 

2.0 

- 

Vcc+1 .0 

V 

Vll 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VoH 

Output High Voltage 

Ioh — — 400//A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc + 0.6 

- 

- 

±10 

m a 
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A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM2764AD-1 5/1 50 

TMM2764AD-20/200 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

tCE 

CE to Output Valid 

- 

150 

- 

200 

tOE 

OE to Output Valid 

- 

70 

~~ 

70 

tPGM 

PGM to Output Valid 

- 

70 


70 

tOFl 

CE to Output in High-Z 

0 

60 

0 

60 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

tOH 

Output Data Hold Time 

0 


0 

- 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta = 25C\ f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

1 

ClN 

Input Capacitance 

> 

O 

II 

z 

> 

- 




COUT 

Output Capacitance 

Vout = OV 

- 

LaJ 

12 



* This para mater is periodically sampled and is not 100% tested. 


i i i l uaie ana ul = i uupr 
10ns Max. 

0.45V to 2.4V 

Incuts 0.8V and 2.0V. OutDuts 0.8V and 2,0V 


TIMING WAVEFORMS (READ) 



















45, TMM2764AD 
TMM2764A0-20, TMM2764AD 


HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

VlH 

Input FHigh Voltage 

2.0 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 



458 

>200 


D. C. and OPERATING CHARACTERISTICS (Ta=25±5‘C, Vcc = 6V±0.25V, Vpp=12.6V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

u 

> 

1 

O 

II 

z 

> 

- 

- 

±10 

aA 

Voh 

Output High Voltage 

Ioh — — 400f/A 

2.4 

- 

- 

V 

VoL 

Outpu Low Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

~ 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp- 13.0V 

- 

- 

50 

mA 

Vio 

A9 Auto Select Voltage 

- 

1 1 .5 

12.0 

12 5 

__ V J 


A. C. PROGRAMMING CHARACTERISTICS !Ta = 2b±5'C, Vcc = 6V±0.2bv, V»= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

M S 

tAH 

Address Hold Time 

- 

2 

- 

- 


tCES 

CE Setup Time 

- 

2 

- 

- 

4S 

tCEH 

CE Hold Time 

- 

2 

- 

- 

//s 

tDS 

Data Setup Time 

- 

2 

- 

- 

4S 

tDH 

Data Hold Time 

- 

2 

- 

- 

us 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

us 

tPW 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 

topw 

Additional Program Pulse Width 

Note 1 

2.85 

- 

78.75 

ms 

tPRT 

Program Pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output in High Z 

CE = Vn 

- 

- 

90 

ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci(IOOpF) 

10ns Max. 

0.45 to 2.4V 

Input IV and 2V ; Output 0.8V and 2.0V 


Note : 1. topw depeds on the program pulse width which is required in the initial Program. 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


TIMING WAVEFORMS (PROGRAM) 



Note : 1 . Vcc must be applied simultaneously or before V?p and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V. 
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TMM2764AD-15, TMM2764AD-150 

TMM2764AD-20, TMM2764AD-200 


ERASURE CHARACTERISTICS 

The TMM2764AD’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 (W sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [ju.w/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [juw/cm 2 ] X (20X60) [sec] ss 15 
[w • sec/cm 2 ].) 

The TMM2764AD’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect 
Seal AC901-are available 


OPERATION INFORMATION 

The TMM2764AD's six operation modes are list¬ 
ed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL 


—— ___ 



OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

Oo—O? 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = 0~70’C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5°C) 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note H : Vil, L : Vn, * : Vih or Vn 


READ MODE 

The TMM276 4A D has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vn and PGM=Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764AD can be connected 


The CE to output valid (tcF_) is equal to the address 

access time (tAcc).__ 

Assuming that CE = Vil, PGM = Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toe from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is v alid a t the outputs after 
tPGM from the rising edge of PGM. 


together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 


STANDBY MODE 

TheTMM2764ADhasa low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM2764AD is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers,, all bits of 
the TMM2764AD are in the ”1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764AD from being 
programmed. 

Programming of two or more TMM2764AD's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage( + 1 2.5Vj 
is applied to the Vpp terminal with Vcc = 6V and PGM 
= Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce 70% of the operating current and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


programming. 

The levels required for all inputs are TTL. 

The TMM2764AD can be programmed any loca¬ 
tion at anytime-either individually, sequentially, 

or at random. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL. low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1 ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc--Vpp 
= 5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page G-5) may also be used to reduce the 
programming time further. 
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DATA=FF? 


PROGRAM 1ms PULSE 


VERIFY 


OVERPROORAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 


ADDRESS- 
NEXT ADDRESS 


VERIFY 


''LAST 

ADDRESS? 


SlOV 

5.0V 


READ ^ 
ALL BYTE 


FAIL 





















TNIM2764AD-15, TNIM2764AD-150 
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ELECTRIC SIGNATURE MODE 


Electric signature mode allows to read out a code 
from TMM2764AD which identifies its manufacture 
and device type. 

The programming equipent may read out 
manufacurer code and device code from 
TMM2764AD by using this mode before program 
operation and automatically set program voltage 
(Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2764AD. 


. PINS 

A„ 

Or 

o 6 

o 5 

0 , 

o 3 

o 2 

0, 

Oo 

HEX. 

S1G NATU 

( 10 ) 

( 19 ) 

( 18 ) 

( 17 ) 

( 16 ) 

( 15 ) 

( 13 ) 

( 12 ) 

( 11 ) 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

0 

1 

0 

1 

— 


0 _| 

1 

— 

0 

52 J 


Notes: A9 = 12V±0.5V 

A1 ~A 8, A10—A1 2,CfT, OE = Vil 
PGM = Vih 
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7 ;^ -1 


+ G15 
Q46-Q10 


L +ai5 

Q25-Q10 


1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied..and Toshiba reserves the right, at any time 
without notice, to change said circuitry 
©May.. 1986 Toshiba Corporation 



















TOSHIBA NIOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 


TMM2764ADI-15 
TMM2764ADI-20 


DESCRIPTION 

The TMM2764ADI is a 8192 word x 8bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the 
TMM2764AD's access time is 1 50/200ns and the 
TMM2764ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 

FEATURES 



-15 

-20 

Vcc 

5V ± 5% 

tACC 

150ns 

200ns 

1CC2 

100mA 

Icci 

30mA 


The standby mode is_achieved by applying a TTL- 
high level signal to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM2764ADI is fabricated with the Nchan- 
nel silicon double layer gate MOS technology. 


• Wide operating temparature range -40 —85 C 

• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pin compatible with i2764A 


PIN CONNECTION (TOP VIEW) 


Vppdt 
Al2 c 2 
A 7 C 3 
Ag C 4 
A 5 CS 
A 4 [ 6 
A 3 C 7 

A2 c 8 

AlC 9 
A 0 C 10 

0 0 c 11 
On 12 

0 2 C 13 
OND C 14 


28 J V C r 
27 3 POM 
26 3 N.C. 
25 3 Ag 
24 3 Ag 
23 ) Aj! 
22 3 OE 
2i3AlO 
20 1 CE 
19 3 0 7 
18 ] 0 6 
17 3 0 5 
16 ] 0 4 
15 ] 0 3 


PIN NAMES 


< 

o 

< 

Address Inputs 

6 

i 

o 

O 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

N. C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp OND Vqc Oq °1 °2 °3 °4 °5 °6 °7 



MODE SELECTION 


PIN 

MODE"\^ 

PGM 

(27) 

cF 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

0o~07 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 

Data Out 


Note * : H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

— 0.6 — 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6-7.0 

V 

Vout 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C-sec 

Tstrg. 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

LO 

CO 

1 

o 

1 

•c 


READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2764ADI-1 5/20 

Ta 

Operating Temperature 

— 40 —85“C 

Vcc 

Vcc Power Supply Voltage 

5 V ± 5% 

Vpp 

Vpp Power Supply Voltage 

2.2~Vcc±0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 





lu 

Input Current 

Vin = 0—Vcc 

- 

- 

±10 


Ilo 

Output Leakage Current 

Vout = 0.4—Vcc 

- 

- 

+ 10 


Icci 

Supply Current (Standby) 

< 

X 


- 

35 

mA 

1 CC2 

Supply Current (Active) 

< 


- 

120 

mA- 

VlH 

Input High Voltage 

- 

2.2 

- 

Vcc + 1 .0 

V 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

Voh 

Output High Voltage 

Ioh — —400//A 

2.4 

- 

- 

V 

Voi 

Output Low Voltage 

Iol = 2.1 mA 


- 

0.4 

V 

Ippi 

Vpp Current 

Vpp = 0—Vcc + 0.6 


- 

±10 

aA 
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TNIM2764ADI-15 

TMM2764ADI-20 


A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM2764ADI-1 5 

TMM2764ADI-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

ns 

tDF 1 

CE to Output m High-Z 

0 

60 

0 

60 

ns 

tOF2 

OE to Output in High-Z 

0 

60 

0 

60 

ns 

tOF3 

PGM to Output in High-Z 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta = 25C\ f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = OV' 

- 

4 

6 

PF 

COUT 

Output Capacitance 

Vout = OV 

- 

_AJ 


PF 


* This paramater is periodically sampled and is not 100% tested. 


i i il viaie anu ul = luupr 
10ns Max. 

0.45V to 2.4V 

Incuts 0.8V and 2.0V. OutDuts 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 
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HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5-C. Vcc = 6V±0.25V, v PP = 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT | 

lu 

Input Current 

' > 

n 

z 

> 

! 

- 

±10 

u A 

Voh 

Output High Voltage 

Ioh — — 400//A 

2.4 

- 

- 

V 

VoL 

Outpu Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 


- 

- 

120 

mA 

l P P2 

Vpp Supply Current 

Vpp-13.0V 

- i 

- 

50 

mA | 

VlD 

A9 Auto Select Voltage 

— 

_ 

1 1.5| 

12.0 

12.5 

V j 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5°C, Vcc = 6V±0.25V, Vpp-12.5V±0.5V! 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNi 

tAS 

Address Setup Time 

- 

2 



/JS 

tAH 

Address Hold Time 

- 

2 


..._ 

jtiS 

tCES 

CE Setup Time 

- 

2 

- 


AS 

tCEH 

CE Hold Time i — 

2 

- 

- 

AS 

tos 

Data Setup Time 

- 

2 

- 

- 

AS 

tDH 

Data Hold Time 

- 

2 

- 

~ 

AS 

tvs 

Vpp Setup Time 


2 

- 

- 

AS 

tPW 

Program Pulse Width 

.... _.. 

0.95 

1 .0 

1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

- 

78.75 

ms 

tPRT 

Program Pulse Rise Time 

- 


- 

- 

ns 

tPFT 

Program Pulse Fall Time 

- 

_ 

5 

- 

- 

ns 

tOE 

OE to Output Valid 


— 

- 

100 

ns 

tOF2 

OE to Output in High Z 

CE —Vil 

- _ - _ 

~ 

90 

ns 


A. C. Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci(IOOpF) 

10ns Max. 

0.45V to 2.4V 

input IV and 2V ; Output 0.8V and 2.0V 


Note : 1. topw depeds on the program pulse width which is required in the initial Program 


— G-20 — 















TIMING WAVEFORMS (PROGRAM) 



e : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 1 2.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to I 4V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V 







TMM2764ADM5 

TMM2764ADI-2Q 


ERASURE CHARACTERISTICS 

The TMM2764ADI’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave 
length of 2537A (Angstroms) to the chip through the 
transparent window. 

The integrated dose (Ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM 2764ADI's six operation modes are listed 
in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [ju.w/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
does is 12000 [ftw/cm 2 ] X (20X60) [sec] = 15 
[w- sec/cm 2 ].) 

The TMM2764ADI’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
The sunlight and the flourescent lamps will include 
3000-4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, the opaque seais-Toshiba EPROM Protect 
Seal AC901-are available 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


~~ ___PIN NAMES (NOMBER) 

MODE ~~ --- 

PGM 

(27) 

^CE 

(20) 

OE 

(22) 

Vpp 

(D 

Vcc 

(28) 

O0--O7 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = —40~85°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5"C) 

Program 

L 

L 

* 

. 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note H : Vil, L : Vil, * : Vih or Vil 


READ MODE 

The TMM2764ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM2764ADI can be connected 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE = Vil, PGM = Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together on_a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TMM2764ADI-15 

TMM2764ADI-20 


STANDBY MODE 

The TMM2764ADI has a low power standby mode 
controlled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM2764ADI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM2764ADI are in the “1” state which is erased 
state. The programming operation is introduces “Os” 
data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage { + 

1 2.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764ADI from being 
programmed. 

Programming of two or more TMM2764ADI's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

The device is set up in the high speed program¬ 
ming mode when the programming voltage( +1 2 .5V) 
is applied to the Vpp terminal with Vcc-6V and PGM 
— VlH . 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce 70% of the operating current and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


The levels required for all inputs are TTL. 

The TMM2764ADI can be programmed any location 
at anytime — either individually, sequentially or at 
random. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a T TL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max.25times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
wdth 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 


The High Speed Program SI Algorithm (shown in 
figure 2, page G-5) may also be used to reduce the 
programming time further. 
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TMM2764ADI-20 


HIGH SPEED PROGRAM MODE FLOW CHART 
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TMM2764ADI-15 

TMM2764ADI-20 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM2764ADI which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manu¬ 
facturer code and device code from the TMM2764ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output 
under these conditions is manufacturer code. Device 
code is identified when address AO is set to V|p|. 
These two code possess an odd parity with the parity 
bit of MSB (07). 

The following table shows electric signature of the 
TMM2764ADI. 


pins 

A 0 

0 7 

o 6 

Os 

0 4 

o 3 

o 2 

0, 

o„ 

HEX. 

SIGNATURET'''^-^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

Vu 

1 

0 

0 

1 

1 

0 

0 

0 

98 ! 

Device Code 

VlH 

0 

1 

- 

0 

1 

0 

0 

1 

0 

L 52 _._J 


Notes: A9 = 1 2V±0.5V 

At -A 8, A10~A12,CE, OE=Vn 
PGM = Vih 
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TOSHIBA MOS MEMORY PRODUCTS 


16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


TMM27128AD-15, TMM27128AD-150 
TMM27128AD 20, TMM27128AD-200 


DESCRIPTION 

The TMM27128AD is a 16,384 word x 8 bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128AD's access time is 150ns/200ns, and the 
TMM27128AD operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 


The standby mode is achieved by applying a TTL- 
high level signal to the CFinput. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM27128AD is fabricated with the N- 
channel silicon double layer gate MOS technolgy. 


FEATURES 



-15 -20 

-150 j -200 

Vcc 

5V ± 5% 

5V ±10% 

tACC 

150ns j 200ns 

150ns 200ns 

ICC2 

100mA 

120mA 

Icci 

30mA 

35mA 


• Fully static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Pm compatible with i271 28A 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


V PPC 

1- 

' 28 

1 v cc 

a 12C 

2 

27 

] POM 

A 7 [ 

3 

26 

] A 13 

a 6 C 

4 

25 

1 a 8 

a 5C 

5 

24 

3 a 9 

a 4 C 

6 

23 

3 A 11 

a 3T 

7 

22 

] OE 

a 2C 

8 

21 

3 A 10 

A lC 

9 

20 

ICE 

A 0C 

10 

19 

]0 7 

Oot 

11 

18 

3 °6 

Olt 

12 

17 

30 5 

0 2 c 

13 

16 

]0 4 

GNDC 

14 

15 

30 3 


PIN NAMES 


< 

1 

o 

< 

Address Inputs 

6 

/ 

o 

O 

Outputs (Inputs) 

ceT 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


Vpp GND Vqq Oq 01^2^3 O 4 ^5 ^6 ^7 



MODE SELECTION 


PIN 

MODE 

PGM 

(27) 

CE 

(20} 

OE 

(22) 

Vpp 

0) 

Vcc 

(28) 

Oo-O? 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 



Data Out 

Active 

Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

* 

H 

* 

12.5V 

6V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 



Data Out 



Note * : FI or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

Vin 

Input Voltage 

-0.6-7.0 

V 

VouT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsoldfr 

Soldering Temperature - Time 

260 • 10 

"C-sec 

Tstrg. 

Storage Temperature 

-65-125 

•c 

Topr. 

Operating Temperature 

0-70 

'C 


REA D O PERATI O N 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM271 28AD-1 5/20 

TMM27128AD-1 50/200 

Ta 

Operating Temperature 

0- 70°C 

0 —70“C 

Vcc 

Vcc Power Supply Voltage 

5 V ± 5% 

5V ±10% 

Vpp 

Vpp Power Supply Voltage 

2,0-Vcc±0.6V 

2.0—Vcc + 0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

In 

Input Current 

< 

z 

II 

O 

l 

< 

o 

o 

- 


±10 

aA 

Ilo 

Output Leakage Current 

Vout = 0.4—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

CE = Vih 

-15/20 

- 

- 

30 

mA 

- 150/200 

- 

- 

35 

1 CC2 

Supply. Current (Active) 

o| 

m 

II 

< 

-15/20 

- 

- 

100 

mA 

-150/200 

- 


120 

VlH 

Input High Voltage 

- 

2.0 


Vcc+1 .0 

V 

VlL 

Input Low Voltage 


-0.3 


0.8 

V 

VOH 

Output High Voltage 

Ioh= —400^iA 

2.4 


- 

V 

VOL 

Output Low Voltage 

Iol = 2.1 mA 

- 


0.4 

V- 

IPPI 

Vpp Current 

Vpp= 0—Vcc + 0.6 

- 


±10 

aA 
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A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27128AD-1 5/1 50 

TMM27128AD-20/200 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

150 

- 

200 

ns 

tor 

OE to Output Valid 

- 

70 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

ns 

tOFl 

CE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

_ 0 _ 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

_ 0 _1_Z_ 

_2_ 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

CAPACITANCE * (Ta = 25’C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITION 

! MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

o 

II 

z 

> 

- 

n 

6 

PF 

COUT 

Output Capacitance 

Vout = OV 

- 


12 

pF 


* This paramater is periodically sampled is not 100% tested. 


1 TTL Gate and Ci = 10OpF 
1 Ons Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 














TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 


HIGH SPEED PROGRAM OPERATION 
D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc -i-I.O 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vp P 

Vpp Power Supply Voltage 

12.0 

12.5 

— 

13.0 

-i 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5’C, Vcc=6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

In 

Input Current 

Vin = 0 — Vcc 

_ 


±10 

aA 

VoH 

Output High Voltage 

Ioh — —400^A 

2.4 

- 

- 

V 

Voi 

Outpu Low Voltage 

Iol = 2.1 mA 


- 

0.4 

V 

Icc 

Vcc Supply Current 



- 

120 

mA 

1PP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5*C, V CC = 6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 


2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

r~ - 

AS 

tCES 

CE Setup Time 

- 

2 

- 

- 

AS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

AS 

tns 

Data Setup Time 

- 

2 

- 

- 

AS 

tDH 

Data Hold Time 

- 

2 

- 

- 

AS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tpw 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

t P RT 

Program pulse Rise Time 

- 

5 

- 

- 

ns 

t P FT 

Program Pulse Fall Time 

- 

5 

- 

- 

ns 

to^ 

OE to Output Valid Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output is High-Z 

CE=V,l 

- 


90 

ns 


A. C. TEST CONDITIONS 


• Output Load 

» Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TMM27128AD-15, TMM27128A0-150 
TMM27128AD-20, TMM27128AD-200 


ERASURE CHARACTERISTICS 

The TMM27128AD’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) through the chips trans¬ 
parent window. 

The integrated dose (ultraviolet light intensity 
[W/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27128AD's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [jtiw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [ M w/cm 2 ] X (20X60) [sec] = 15 
[w • sec/cm 2 ].) 

The TMM27128AD’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail¬ 
able 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


~~ —______PIN NAMES (NUMBER) 

MODE " '-——_____ 

PGM 

(27) 



Vpp 

(D 

Vcc 

(28) 

Oo~0 7 

(11—13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = 0— 70°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5°C) 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L_l__ 

Data Out 

Active 


Note H : Vih, L : Vn, * : Vih or Vil 


READ MODE 

The TMM271 28AD has three control functions. 
The chip enable (CE) controls the operation power 
and should be used for_device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent' of 

device selection. __ _ 

Assuming that CE = OE = Vil and PGM=Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=V|h or OE=V| H , the outputs will 
be in high impedance state. 

Thus, two or more TMM27128AD’s can be connected 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE = Vil, PGM=Vih and all ad¬ 
dresses are valid, the output is valid at the outputs, 
after toE from the falling edge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 


TMM27128AD-15, TMM27128AD-150 
TMM27128A0-20, TMM27 128AD-200 


The TMM27128AD has a low power standby mode 
conntrolled by the CE signal. __ 

By applying a TTL high level to the CE input, the 
TMM27128AD is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128AD are in the “1 ” state which is the erased 
state. 

The programming operation introduces “Os” data into 
the desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage_( + 
1 2.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128AD from being 
programmed. 

Programming of two or more TMM271 28AD's in 
parallel with different data .s easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is se + up in the high speed programming 
mode when the programming voltage ( + 12,5V) is 
applied to the Vpp terminal with Vcc = 6V and PGM = 
Vih. 

The programming is achi eved b y applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces 70% of operating current. The outputs are in 
a high impedence state, independent of the OE and 
the PGM inputs. 


The levels required for all inputs are TTL. 

The TMM27128AD can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 


T he ve rify is accomplished with OE and CE at Vn 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1 ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25'times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
— 5V. 


The High Speed Program II Algorithm (shown in 
figure 2, page G-5) may also be used to reduce the 
programming time further. 
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TMM27128AD-15, TMI 
TMM27128AD-20, TMI 


HIGH SPEED PROGRAM MODE FLOW CHART 


START 


ADDRESS= 
START ADDRESS 


Vpp = 12.5 V 


DATA=FF? 


PROGRAM Ime PULSE 


VERIFY 


OVERFROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 


ADDRESS= 
NEXT ADDRESS 


ALL BYTE 























TMM27128AD-15, TMM27128AD-150 
TIYIM27128AD-20, TMM27128AD-200 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128AD which identifies its manufac¬ 
ture and device type. 

The programming equipment may read out manu¬ 
facturer code and device code from the TMM2764AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 


Electric signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27128AD. 


PINS 

A 0 

0 7 

o 6 

0 5 

0, 

0 3 

o 2 

0, 

Oo 

HEX. 

signaturT^^~-^_ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 , 

0 

0 

98 

Device Code 

VlH 

_1 

1 

0 

1 1 


0 

-_-1 

1 

1 

D3 


Notes: A9 = 1 2V±0.5V 

A1 -A 8. A1 O — A 1 3 , CE~, OE = Vil 
PGM = Vih 
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Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

This value is measured at the end of leads. 

All dimensions are in milimeters. 























TIHM27128AD-15, TMHI27128AD-150 
TMM27128AD-20, TMM27128A0-200 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

C May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 


TMM27128ADI-15 
TMM27128ADI-20 


DESCRIPTION 

The TMM27128ADI is a 16,384 word x 8 bit ultra¬ 
violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
271 28ADI'saccess time is 150ns/200ns, and the 
TMM27128ADI operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 
access time. 


The standby mode is achieved by applying a TTL 
high level signal to the CEfinput. 

For program operation, the program is achieved 
by using the high speed programming mode. 

The TMM27128ADI is fabricated with the N- 
channel silicon double layer gate MOS technolgy. 


FEATURES 



-15 

-20 

Vcc 

5V ± 5% 

tACC 

1 50ns 

200 ns 

ICC2 

100mA 

Icci 

30mA 


• Wide operating temparature range -40 —85°C 

• Full static operation 

• High speed programming mode 

• Single location programming 

• Three state outputs 

• inputs and outputs TTL compatible 

• Pin compatible with i27128A 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


v?p[ 


' 28 

3 V CC 

Al2[ 

2 

27 

]POM 

a 7 [ 

3 

26 

] A13 

a 6C 

4 

25 

]A 8 

a 5 t 

5 

24 

JAg 

A 4 [ 

6 

23 

]An 

a 3 C 

7 

22 

] OE 

a 2 c 

8 

21 

3 A io 

Alt 

9 

20 

]CE 

A 0 C 

10 

19 

]0 7 

°0E 

11 

18 

] °6 

oic 

12 

17 

30 5 

o 2 c 

13 

16 

]0 4 

ONDC 

14 

15 

30 3 


PIN NAMES 


Ao ~ A1 3 

Address Inputs 

O 

o 

1 

O 

-sj 

Outputs (Inputs) 

0 ^ 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


Vpp OND Vqc °0 °1 °Z °3 °4 °5 °6 °7 



MODE SELECTION 


PIN 

MODE^\^ 

PGM 

(27) 

CE 

( 20 ) 

OE 

( 22 ) 

Vpp 

(1) 

Vcc 

(28) 

0o~0 7 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

P * 

12.5V 

6 V 

Data In 

Active 

Program 

Inhibit 

* 

H 

* 

High Impedance 

H 

L. 

H 

High Impedance 

Program 

Verify 

H 

L 

L 

Data Out 


Note * : H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

WKMM 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

Vin 

Input Voltage 

-0.6-7.0 

V 

VOUT 

Output Voltage 

-0.6-7.0 

V 

Po 

Power Dissipation 

1.5 

w 

Tsolder 

Soldering Temperature • Time 

260-10 

"C-sec 

Tstrg 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

-40-85 

•c 


REA D OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27128ADI-15/20 

Ta 

Operating Temperature 

— 40 —85"C 

Vcc 

Vcc Power Supply Voltage 

5 V ± 5% 

Vpp 

Vpp Power Supply Voltage 

2.0—V CC ±0.6V 


D C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin = 0—Vcc 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout = 0.4—Vcc 

- 


±10 

a a 

Icci 

Supply Current (Standby) 

9 1 

< 

i 

- 


35 


1 CC2 

Supply Current (Active) 

ceT= Vil 

- 

- 

120 

mA 

VlH 

Input High Voltage 

- 



Vcc± 1 .0 


VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 


Voh 

Output High Voltage 

Ioh — —400//A 

BM 

- 

- 


VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

v 

1PP1 

Vpp Current 

Vpp= 0—Vcc+0.6 

- 

- 

±10 
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A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM271 28ADI-1 5 

TMM271 28ADI-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

__ 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

1 50 

- 

200 

ns 

t0E 

OE to Output Valid 

- 

70 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

- 

70 

ns 

ton 

CE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * <Ta = 25‘C, f=1MHz) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

j ClN 

Input Capacitance 

< 

z 

II 

O 

< 

- 

4 

6 

PF 

O 

o 

c: 

Output Capacitance 

Vour = OV 

- 

h 8 1 

12 

PF 


* This paramater is periodically sampled is not 100% tested. 


TIMING WAVEFORMS (READ) 


1 TTL Gate and Cl= 10OpF 
10ns Max. 1 
0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 



— G-41 














TMM27128ADI15 
TM M27128AD 1-20 


HIGH SPEED PROGRAM OPERATION 
D. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 


VlH 

Input FHigh Voltage 

2.2 

~ 

Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

V£c Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5’C, V CC = 6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 


lu 

Input Current 

Vin = 0 — Vcc 

- 


±10 


Vqh 

Output FHtgh Voltage 

Ioh= — 400//A 

2.4 

- 

- 

mm 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 


Icc 

Vcc Supply Current 

- 

- 

- 

120 


IPP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 


VlD 

A9 Auto Select Voltage 

- 

1 1 .5 

12.0 

12.5 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5‘C, Vcc = 6V±0.25V, Vpp = 12.5V±0. 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

MS 

tAH 

Address Hold Time 

- 

2 

- 

- 

MS 

tCES 

CE Setup Time 

- 

? 

- 


MS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

MS 

tos 

Data Setup Time 

- 

2 

- 

- 

MS 

tDH 

Data Hold Time 

- 

2 

- 

- 

MS 

tvs 

Vpp Setup Time 

- 

2 

- 

- 

MS 

tPW 

Program Pulse Width 

- 

0.95 

1 .0 

1 .05 

ms 

tOPW 

Additional Program Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tPRT 

Program pulse Rise Time 

- 

5 

- 

- 

ns 

tPFT 

Program Pulse Fall Time 


5 

- 

- 

ns 

tOE 

OE to Output Valid Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output is High Z 

CE=Vil 

- 

- 

90 

ns 


A. C. TEST CONDITIONS 


® Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27128ADI’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[W/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [W.sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 


OPERATION INFORMATION 

The TMM27128ADI's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [/xw/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [jnw/cm 2 ] X (20X60) [sec] = 15 
[w ■ sec/cm 2 ].) 

The TMM27128ADI’s erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Sunlight and flourescent lamps include 3000-4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail¬ 
able 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


~ ---- PIN NAME (MODE) 

MODE ~ --- 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(D 

Vcc 

(28) 

O 0 -O 7 

(11-13, 15-19) 

POWER 

READ 

OPERATION 

(Ta = — 40—85°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta = 25±5"C) 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note H : Vih, L : : Vn, * : Vih or Vn 


READ MODE 

The TMM27128ADI has three control functions. 
The chip enable (CE) controls the operation power 
and should be used fo r de vice selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 

device selection. _ _ _ 

Assuming that CE= : OE = Vil and PGM=Vm, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE=V|h or OE=V|h, the outputs will 
be in high impedance state. 

So two or more TMM27128AD!’s can be connected 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE = Vn, PGM=Vih and all ad¬ 
dresses are valid, the output is valid at the outputs 
after toE from the falling e dge of OE. 

And assuming that CE = OE = Vil and all addresses 
are valid, the output data is valid a t the outputs after 
tpGM from the rising edge of PGM. 


together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27128ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a TTL high level to the CE input, the 
TMM27128ADI is placed in the standby mode which 


PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27128ADI are in the “1” state which is the 
erased state. 

The programming operation introduces “Os” data 
into the desired bit locations by electrical program- 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 

1 2.5V ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128ADI from being 
programmed. 

Programming of two or more TMM271 28ADI's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage ( + 1 2 .5V) is 
applied to the Vpp terminal with Vcc = 6V and PGM = 
VlH. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the PGM input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces 70% of operating current. The outputs are 
then in a high impedence state, independent of the 
OE and the PGM inputs. 


ming. 

The levels required for all inputs are TTL. 

The TMM27128ADI can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


That is, all inputs except for CE or PGM may be 
commonly connected, and a TT L low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 


program pulse of 1 ms is applied and then pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
— 5V. 


The High Speed Program II Algorithm (shown in 
figure 2, page G-5) may also be used to reduce the 
programming time further. 
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START 


DATA-FF? 


PROGRAM 1ms PULSE 


VERIFY 


VERIFY 


-^LAST 

ADDRESS? 


READ 

ALL BYTE 


OVERFROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 


ADDRESS= 
NEXT ADDRESS 


HIGH SPEED PROGRAM MODE FLOW CHART 


ADDRESS = 
START ADDRESS 


Vpp = 12.5V 


V CC = 50V 
Vpp=5.0V 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27128ADI which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manufac¬ 
turer code and device code from the TMM27128ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


TMM27128ADM5 
TMM27128ADI-20 


applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output is 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of 
TMM27128ADI. 


^ PINS 

Ao 

0 7 

0 6 

o 5 

0 4 

o 3 

o 2 

°. 

o„ 

1 HEX. 

S 1G N AT U 1 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

_ 1 _1 

1 

0 

L 1 

o J 

0 

1 . 

1 

D3 


Notes: A9 = 12V±0.5V 

A1 ~A 8, A10~A13,CfT, OE=Vil 
PGM = Vih 
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OUTLINE DRAWINGS 


Unit in mm 


3 7.7 MAX . 





Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 


Note Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry 
©May., 1986 Toshiba Corporation 







TOSHIBA MOS MEMORY PRODUCTS 


32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 


DESCRIPTION 

The TMM27256AD is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program¬ 
mable read only memory. 

For read operation, the TMM27256AD's access 
time is 150ns/200ns, and the TMM27256AD oper¬ 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis¬ 
sipation without increasing access time. The standby 


FEATURES 



-15 

-20 

-150 

-200 

Vcc 

5V ± 5% 

5 V ± 1 0% ; 

tACC 

150ns 

200ns 

150ns 

200ns 

ICC2 

100mA 

120mA 

Icci 

30mA 

35mA 


PIN CONNECTION (TOP VIEW) 


VPFC 1 
A1Z c 2 
A 7 C 3 
A6 t A 
A5 C 5 
A4 [ 6 
A3 [ 7 
A2 [ 8 
A1 l 9 
AO t 10 
00 I 11 
01 C 12 
02 [ 13 
ONDt 14 


28 ] Vcc 

27 ] A14 
Z6 ) A13 


P A8 
A9 
All 
P OE 
A10 

] c¥ 

3 07 
] 06 
1 05 
) 04 
3 03 


mode is achieved by applying aTTL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256AD is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 


• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i 27256 

• Standard 28 pin DIP cerdip package 


BLOCK DIAGRAM 


Vpp OND V CC 00 01 02 03 04 05 06 07 


OE 

CE 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 
A12 
Al 3 
Al 4 



PIN NAMES 


Ao ~ A 1 4 

Address Inputs 

Oo~07 

Outputs (inputs) 

ceT 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


MODE SELECTION 


PIN 

MODE"'\^ 

CE 

(20) 

OE 

(22) 

Vpp 

0) 

Vcc 

(28) 

O 0 ~O7 

(11—13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

H 

* 

High Impedance 

Program 

Verify 

* 

L 

Data Out 


Note * : H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 


Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 


Vpp 

Program Supply Voltage 

-0.6-14.0 

V 


VlN 

Input Voltage 

-0.6-7.0 

V 


Vi o 

Input/Output Voltage 

-0.6-7.0 

V 


Pd 

Power Dissipation 

1.5 

W 

1 

Tsolder 

Soldering Temperature • Time 

260-10 

“C-sec 

1 

Tstg 

Storage Temperature 

-65-125 

°C 

1 

Topr 

Operating Temperature 

o 

/ 

*vi 

o 

°C 

1 


READ OPERATION 

D. C. AND A.C. RECOMMENDED OPERATING CONDITIONS! 


SYMBOL PARAMETER 

■ Ta Operating Temperature 

Vcc Vcc Power Supply Voltage 

Vpp Vpp Power Supply Voltage 


D. C. AND OPERATING CHARACTERISTICS 


PARAMETER 


Input Current 


Output Leakage Current I Vout=0.4-Vcc 


TMM27256AD-1 5/20 
0~70‘C 
5 V ± 5% 

2.0~Vcc±0.6V 


TMM27256AD-1 50/200 
0~70°C 
5V± 10% 
2.0~Vcc + 0.6V 



CONDITION 


MIN. TYP 


Supply Current (Standby) 


Supply Current (Active) 


Vih Input High Voltage 

Vil Input Low Voltage 

Voh Output High Voltage 

Vol Output Low Voltage 

Ippi Vpp Current 

A.C. CHARACTERISTICS 


CE = Vih 


150/200 


5/20 
150/200 ~ 


Ioh — — 400/jA 
loi=2.1 mA 
Vpp = 0~Vcc + 0.6 

(Ta = 0 —70°C, Vcc=5V±5%, Vpp=2 ,0V~Vcc + 0.6V) 


120 

Vcc+1 .01 
08 


TMM27256AD-1 5/150 TMM27256AD-20/200 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

MIN. 

MAX. 

UNI 

tACC 

Address Access Time 

CE =OE=Vil 

- 

150 

_ 

200 

ns 

tCE 

CE to Output Valid 

> 

II 

1 UJ 

!o 

— 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

0| 

m 

II 

< 

- 

70 

- 

70 

ns 

tDFI 

CE to Output in High-Z 

> 

II 

UJ 

lo 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0| 

m 

II 

< 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

CE = OE=Vit 

0 

- 

0 

- 

ns 


A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci= lOOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25‘C, f-IMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

< 

z 

II 

O 

< 


4 

6 

PF 

CoUT 

Output Capacitance 

Vout — OV 


8 

12 i 

_i 

PF 


* This pararnater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

20 


Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

-0.3 


0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D,C. and OPERATING CHARACTERISTICS (Ta = 25±5’C. V CC = 6V±0.25V. Vpp= 1 2 . 5V±o. 5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

Vin = 0~Vcc 

- 

- 

±10 


V OH 

Output High Voltage 

Ion — —400/*A 

2.4 

- 

- 

V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

120 

mA 

IpP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5C, Vcc = 6V±0.25V. Vpp= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 


2 

- 



tAH 

Address Hold Time 


2 


- 

AS 

tCES 

CE Setup Time 

- 

0 



ns 

tCEH 

CTHold Time 


0 

- 

- 

ns 

tOES 

OE Setup Time 


2 

- 

- 

A s 

tos 

Data Setup Time 

- 

2 

- 

- 

A S 

tDH 

Data Hold Time 


2 

- 

- 

A s 

tVPS 

Vpp Setup Time 


2 

- 

- 

AS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

AS 

tPW 

Initial Program Pulse Width 

CE = Vil, OE = Vih 

0.95 

1 

1 .05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

L_ mS - - H 

tOE 

OE to Output Valid 

O | 
m 

ii 

< 

X 

- 

- 

150 

ns 

tDEF 

OE to Output in High-Z 

CE = Vih 

- 

- 

130 

ns 


A C Test Conditions 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 


(V CC = 6V ±°.25V. V pp = 12.5V±0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM27256AD’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) through the chips trans¬ 
parent window. 

The integrated dose (ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec.]) for erasure should be 
a minimum of 15 [w-sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27256AD's six operation modes are list¬ 
ed in the following table. Mode selection can be 


And using commercial lamps whose ultraviolet light 
intensity is 12000 [ju.w/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [/xw/cm 2 ] X (20X60) [sec] = 15 
[w • sec/cm 2 ].) 

The TMM27256AD’s erasure begins to occur when 
exposed to light with wavelength shorter than 4000A. 
Sunlight and flourescent lamps include 3000—4000A 
wavelength components. Therefore when used under 
such lighting for extended periods of time, opaque 
seals-Toshiba EPROM Protect Seal AC901-are avail¬ 
able 


achieved by applying TTL level signal to all inputs. 


- PIN NAMES(NUMBER) 

MODE ~~——-—_____ 

CEf 

(20) 

OE 

(22) 

Vpp 

(D 

Vcc 

(28) 

Oo-O? 

(1 1-13, 15-19) 

POWER 

Read Operation 
(Ta = 0 —70“C) 

Read 

L 

L 

5 V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta = 25±5°C) 

Program 

L 

H 

12.5V 

6 V 

Data In 

Active 

Program Inhibit 

H 

* 

High Impedance 

Active 

Program Verify 

* 

L 

Data Out 

Active 


Note H : Vih, L : Vil, * : Vih or Vn 


READ MODE 

The TMM27256AD has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = Vn, the output data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE —Vih. the outputs 
will be in a high impedance state. 

So two or more TMM27256AD's can be con- 


stabilizing^of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (tAcc). 

Assuming that CE = Vn and all addresses are 
valid, the output data is valid at the outputs after toE 
from the falling edge of OE. 


nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TM M27256AD has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256AD is placed in standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27256AD are in the “1” state which is the erased 
state. 

The programming operation introduces “Os” data 
into the desired bit locations by electrical program¬ 
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
12.5V) is applied to Vpp terminal, a high level CE 
input inhibits the TMM27256AD from being pro¬ 
grammed. 

Programming of two or more TMM27256ADs in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+12.5V) is 
applied to the Vpp terminal with Vcc =6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces the operating current by 70%. The outputs 
are then in a high impedence state, independent of 
the OE inputs. 


The TMM27256AD is in the programming mode 
when the V input is at 12.5V and CE is at TTL-Low with 
OE=V| H . 

The TMM27256AD can be programmed at any 
location, anytime — either individually, sequentially or 
at randomly. 


The verify is accomplished with OE of Vn and CE 
Vih or Vil. 


That is , all inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other 
devices. 


program pulse of 1ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 


The High Speed Program II Algorithm (shown in 
figure 2, page G-5) may also be used to reduce the 
programming time further. 
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ADDRESS= 
START ADDRESS 


DATA = FF ? 


PROGRAM 1 ms PULSE 


VERIFY 


OVERPROGRAM 3X PULSES OP I msec 
OR ONE PULSE OF 3X msec DURATION 


NEXT ADDRESS 


ALL BYTE 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256AD which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manufac¬ 
turer code and device code from the TMM27256AD 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|(-p These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27256AD. 


PINS 

Ao 

07 

Oe 

0 5 

04 

O 3 

O 2 

0! 

Oo 

HEX. 

SIGNATURE^^-^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

— 9 — 

1 

0 

1 

0 

1 

0 

0 

54 


Notes: Ag = 12V±0.5V 


Ai-As, A 10 -A 14 , CE, OE-Vil 

OUTLINE DRAWINGS 

Unit in mm 




1&24±Q3 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note Toshiba does not assume any responsibility for use of any circuitry described , no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM27256ADI-15 
TMM27256ADI-20 


DESCRIPTION 

The TMM27256ADI is a 32,768 word x 8 bit 
ultraviolet light erasable and electrically program¬ 
mable read only memory. 

For read operation, The TMM27256ADi's access 
time is 1 50ns/200ns, and the TMM27256ADI oper¬ 
ates from a single 5-volt power supply and has low 
power standby mode which reduces the power dis¬ 
sipation without increasing access time. The standby 


mode is achieved by applying a TTL-high level signal 
to the CE input. 

For program operation, the programming is 
achieved by using the high speed programming 
mode. 

The TMM27256ADI is fabricated with the N-chan- 
nel silicon double layer gate MOS technology. 


FEATURES 



-15 

-20 

Vcc 

5V ± 5% 

tACC 

150ns 

200 ns 

i CC2 

100 mA 

Ifn ! 30mA 

-- „ _ X - . - - 


PIN CONNECTION (TOP VIEW) 



• Wide operating temparature range —40~85°C 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pm compatible with i27256 

® Standard 28 pin DIP cerdip package 


BLOCK DIAGRAM 


Vpp QNP V c0 00 01 02 03 04 05 06 07 



PIN NAMES MODE SELECTION 


PIN 

MODE\^ 

GET 

(20) 

OE 

(22) 

Vpp 

0 ) 

Vcc 

(28) 

Oo — O 7 

(1 1—13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6 V 

Data In 

Active 

Program 

Inhibit 

H 

* 

High Impedance 

Program 

Verify 

* 

L 

Data Out 


Note * H or L 


> 

0 

1 

> 

Address Inputs 

O 

0 

1 

O 

Outputs (inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


— G-57 — 












TMNI27256ADI-15 

TMM27256ADI-20 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

— 0.6—7.0 


Vpp 

Program Supply Voltage 

-0.6-14.0 


VlN 

Input Voltage 

-0.6-7.0 


Vi o 

Input/Output Voltage 

-0.6-7.0 

■dB 

Pd 

Power Dissipation 

1.5 


Tsolder 

Soldering Temperature • Time 

260-10 

"C-sec 

Tstg. 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

— 40~85°C 

•c 


READ OPERATION 

D. C. AND A C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27256ADI-1 5/20 

Ta 

Operating Temperature 

— 40 —85°C 

Vcc 

Vcc Power Supply Voltage 

5V ± 5% 

Vpp 

i 

Vpp Power Supply Voltage 

2.2 ~Vcc±0.6V 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin = 0~Vcc 


- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout = 0.4— Vcc 

- 

- 

±10 

aA 

loci 

Supply Current (Standby) 

n ! 

< 

I 

_ 

- 

- 

35 

mA 

ICC2 

Supply Current (Active) 

CE = Vil 

- 

- 

120 

mA 

VlH 

Input High Voltage 

- 

2.2 

- 

Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

VoH 

Output High Voltage 

Ioh — —400//A 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

Iol=2. 1 mA 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp=0~Vcc+0.6 

- 

_ 

±10 

aA 


A.C. CHARACTERISTICS (Ta = -40~85"C, Vcc=5V±5%, Vpp = 2.0V~Vcc + 0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TMM27256AD-1 5 

TMM27256AD-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

Of =OE = Vil 

- 

150 

- 

200 

ns 

tCE 

CE to Output Valid 

S 

II 

1 LU 

lo 

- 

150 

- 

200 

ns 

tOE 

OE to Output Valid 

CE = Vil 

- 

70 

- 

70 

ns 

tDF 1 

CE to Output in High-Z 

> 

II 

|UJ 

lo 

0 

60 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

o| 

m 

II 

< 

0 

60 

0 

60 

ns 

tOH 

Output Data Hold Time 

CE = OE=Vn 

0 

- 

0 

- 

ns 


A C Test Conditions 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci= 10OpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V. Outputs 0.8V and 2.0V 
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CAPACITANCE * (Ta = 25”C. f=iMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

o 

II 

z 

> 

- 

4 

6 

PF 

COUT 

Output Capacitance 

Vout — OV 

- | 

8 

12 

pF 


* This paramater is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 



PROGRAM OPERATION 

D C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. and OPERATING CHARACTERISTICS <Ta = 25±5°C. V CC = 6V±0.25V. Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION | 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

< 

z 

II 

O 

'< 

n 

r> 

- 

- 

±10 

aA 

VoH 

Output High Voltage 

Ioh — — 400^ A 

2.4 

- 


V 

VoL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- | 

120 

mA 

IpP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

1 ~ 

50 

mA 
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A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5"C. Vcc = 6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tCES 

CE Setup Time 

- 

0 

- 

- 

ns 

ter h 

CE Hold Time 

- 

0 

- 

- 

ns 

tOFS 

OE Setup Time 

- 

2 

- 

- 

AS 

tDS 

Data Setup Time 

- 

2 

- 

- 

AS 

tDH 

Data Hold Time 

- 

2 

- 

- 

AS 

j tvps 

Vpp Setup Time 

- 

2 

- 

- 

AS 

tves 

Vex Setup Time 

- 

2 

- 

- 

AS 

tPW 

Initial Program Pulse Width 

CE = V,l, 0E = Vih 

0.95 

1 

1 .05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

j tOE 

OE to Output Valid 

CE=Vih 

- 

_ 

150 

ns 

tDFF 

OE to Output in High-Z 

CE = Vih 

-- 

- 

130 

ns J 


A C Test Conditions 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note : 1 . The length of the overprogram pulse may vary as a function of the counter value X. 

TIMING WAVEFORMS (PROGRAM) 


(Vcc= 6 V±0.25V, Vpp=12.5V±0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2 Removing the device from socket and setting the device in socket with Vpp^ 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 1 4V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V 
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ERASURE CHARACTERISTICS 

The TMM27256ADI’s erasure is achieved by apply¬ 
ing shortwave ultraviolet light which has a wave¬ 
length of 2537A (Angstroms) of the chip through the 
transparent window. 

The integrated dose (ultraviolet light intensity 
[w/cm 2 ] X exposure time [sec,]) for erasure should be 
a minimum of 15 [w-sec/cm 2 ] 

When the Toshiba GL-15 sterilizing lamp is used 
and the device is exposed at a distance of 1cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

OPERATION INFORMATION 

The TMM27256ADI's six operation modes are list¬ 
ed in the following table. Mode selection can be 


And using commercial lamps with an ultraviolet light 
intensity of 12000 [/i.w/cm 2 ] will reduce the exposure 
time to about 20 minutes. (In this case, the integrated 
dose is 12000 [juw/cm 2 ] X (20X60) [sec] = 15 
[w- sec/cm 2 ].) 

The TMM27256ADI’s erasure begins to occur when 
exposed to light with wavelengths shorter than 4000A. 
Both Sunlight and flourescent lamps include 
3000~4000A wavelength components. Therefore 
when used under such lighting for extended periods 
of time, opaque seals-Toshiba EPROM Protect Seal 
AC901-are available 


achieved by applying TTL level signal to all inputs. 


~~ PIN NAMES(NUMBER) 

MODE ~~---_____ 

CfT 

(20) 

OE 

(22) 

Vpp 

0) 

Vcc 

(28) 

Oo~0 7 

(11-13, 15-19) 

POWER 

Read Operation 
(Ta= —40~85°C) 

Read 

L 

L 

5 V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta = 25±5°C) 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

* 

High Impedance 

Active 

Program Verify 

* 

L 

Data Out 

Active 


Note H : Vih, L : Vil, * : Vih or Vn 


READ MODE 

The TMM27256ADI has two control functions. 

The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=V||_, the output data is valid 
at the outputs after the address access time from 

OUTPUT DESELECT MODE 

With CE=V|h or OE=V|h, outputs will be in high 
impedance state. 

Therefore two or more TMM27256ADI’s can be con- 


stabilizing of all addressess. 

The CE to output valid (tQ^) time is equal to the 
address access time (tACC)- 
Assuming that CE=V||_ and all addresses are valid, 
the output data is valid at the outputs after toE f rom 
the failing edge of CE. 


nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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STANDBY MODE 

The TMM27256ADI has a low power standby mode 
conntrolled by the CE signal. 

By applying a high level to the CE input, the 
TMM27256ADI is placed in the standby mode which 

Program mode 

Initially, when received by customers, all bits of the 
TMM27256ADI are in the “1” state which is the 
erased state. 

The programming operation introduces “Os” data 
into the desired bit locations by electrical program¬ 
ming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
12.5V) is applied to Vpp terminal, a high level CE 
input inhibits the TMM27256ADI from being pro¬ 
grammed. 

Programming of two or more TMM27256ADI's in 
parallel with different data is easily accomplished. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The 
device is set up in the high speed programming 
mode when the programming voltage (+12.5V) is 
applied to the Vpp terminal with Vcc = 6V. 

The programming is achiev ed b y applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduces 70% of operating current by applying TTL- 
high level (Vqq). The outputs are in a high impedence 
state, independent of the OE inputs. 


The TMM27256ADI is in the programming mode 
when the Vpp input is at 12.5V and CE is at TTL-Low 
under OE=V|h- 

The TMM27256ADI can be programmed at any 
location, anytime — either individually, sequentially or 
at random. 


The verify is accomplished with OE of Vil and CE 
Vih or Vu . 


That is , all inputs except for CE and OE may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other 
devices. 


program pulse of 1ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
3 times that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 


The High Speed Program ii Algorithm (shown in 
figure 2, page G-5) may also be used to reduce the 
programming time further. 
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TMM27256ADM 

TMM27256ADI-2 


HIGH SPEED PROGRAM MODE FLOW CHART 



DATA=FF ? 



VERIFY 



VERIFY 


LAST 

.ADDRESS i. 


v cc =^ov 

V pf = 5l0 V 


READ 
ALL BYTE 


NQ 


FAIL 











TMM27256ADM5 
TMM27256AD 1-20 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read 
from the TMM27256ADI which identifies its manu¬ 
facture and device type. 

The programming equipment may read out manufac¬ 
turer code and device code from the TMM27256ADI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines are set to V||_ in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V|h- These two 
code possess an odd parity with the parity bit of MSB 
(07). 

The following table shows electric signature of the 
TMM27256ADI. 


PINS 

SIG N AT U R 

Ao 

(10) 

O? 

(19) 

Oe 

(18) 

o 5 

(17) 

04 

Cl 6) 

0 3 

(15) 

0 2 

(13) 

Oi 

(12) 

Oo 

(11) 

HEX. 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

L 

1 

0 

1 

0 

1 

0 

0 

54 


Notes: Ag = 1 2V±0. 5V 


Ai-Aa, Ai o - Ai 4 , CE, OE- Vil 


OUTLINE DRAWINGS 

Unit in mm 




1 5i24±Cl3 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 


Note Toshiba does not assume any responsibility for use of any circuitry described , no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry 
^May, 1986 Toshiba Corporation 
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TOSHIBA IHOS MEMORY PRODUCTS 

preliminary TMM27256BD-15, TMM27256BD-150 

i n^rPTPf fr a TMM27256BD-20, TIKIBI27256BD-200 


The TMM27256BD is a 32,768 words x 8 bits ultraviolet light erasable and electrically 
programmable read only memory. 

For read operation, the TMM27256BD's access time is 150ns/200ns, and the TMM27256BD 
operates from a single 5-volt power supply and has low power standby mode which 
reduces the power dissipation without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming 
mode. The TMM27256BD is fabricated with the N-channel silicon double layer gate MOS 
technology. 


[FEATURES! 



-15 

-20 

-150 

-200 

v cc 

5V±5% 

5V±10% 

tACC 

150ns 

200ns 

150ns 

200ns 

X CC2 

100mA 

120mA 

I CC1 

30mA 

35mA 


pin connection] 

Vpp 

A12 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 
OO 
01 
02 

GND 



Full static operation 
High speed programming mode I, H 
Inputs and outputs TTL compatible 
Pin compatible with i27256 
Standard 28 pin DIP cerdip package 


BLOCK DIAGRAM 


Vpp GND V £ c 


OO 01 02 03 04 05 06 07 


CE 

OEf 


AO 
A1 
A 2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A1 1 
A12 
A13 
A1 4 



PIN names"! 

jMODE SELECTION 







<—1 
< 

o 

<3 

Address Inputs 

PIN 

MODE 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

vcc 

(28) 

00 ^ 07 

(11TL3, 15vL9) 

POWER 

00 v 07 

Outputs (Inputs) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

CE 

Chip Enable Input 

Output Deselect 

MM; 

H 

High Impedance 

OE 

Output Enable Input 

Standby 

H 

B 

High Impedance 

Standby 

V PP 

Program Supply 
Voltage 

Program 

L 

H 

1) 

12.5V 

2) 

12.75V 

*$> 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

V CC 

Power Supply 

Voltage (+5V) 


JL 

L 

Data Out 

GND 

Ground 

*: H or L 1): HIGH SPEED PROGRAMMING MODE I 

2) : HIGH SPEED PROGRAMMING MODE II 
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7256BD-15, TMM27256BD-150 

TMM27256BD-20, TMM27256BD-200 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Vqq Power Supply Voltage 

-0.6 'v 7.0 

V 

V PP 

Program Supply Voltage 

-0.6 ^ 14.0 

V 

V IN 

Input Voltage 

-0.6 v 7.0 

V 

v l/0 

Input/Output Voltage 

-0.6 ~ 7.0 

V 

?B 

Power Dissipation 

1.5 

VJ 

T SOLDER 

Soldering Temperature • Time 

260 • 10 

°C•sec 

t STG 

Storage Temperature 

-65 ^ 125 

°C 

t OPR 

Operating Temperature 

O'l 70 

°C 


READ OPERATION 


D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2 7 2 56BD-15/20 

TMM27256BD-150/200 

Ta 

Operating Temperature 

0% 70°C 

0^ 70°C 

V CC 

V CC Power Supply Voltage 

5V±5% 

5V±1.0% 

Vpp 

Vpp Power Supply Voltage 

2.0^ VCC+0.6V 

2.0^ VCC+0.6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ssm 

Input Current 

Vin=0 Vqc 

- 

- 

±10 

pA 

Bj 

Output Leakage Current 

v out =0 -4 ^ V CC 

- 


±10 

pA 

I CC1 

Supply Current (Standby) 

ce=v ih 

-15/20 

- 


30 

mA 

-150/200 

- 

- 

35 

on 

Supply Current (Active) 

CE=Vil 

-15/20 

- 

- 

100 

mA 

-150/200 


- 

120 

Bj 

Input High Voltage 

- 

2.0 

- 

V CC +1 *° 

V 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

v OH 

Output High Voltage 

IOH =— 400pA 

mm 

- 

- 

V 

V OL 

Output Low Voltage 

I OL =2 - lmA 

■ ■ 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp=0 ^ Vqc+0.6 

- 

- 

±10 

PA 
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A.C. CHARACTERISTICS 




TMM27256BD-15, 

TMM27256BD-20, TMM27256BB-200 


SYMBOL 

PARAMETER 

t ACC 

Address Access Time 

*CE 

CE to Output Valid 

c OE 

OE to Output Valid 

L DF1 

CE to Output in High-Z 

L DF2 

0E to Output in High-Z 

t 0H 

Output Data Hold Time 


TMM27256BD-15/150 TMM27256BD-20/200 


A.C, TEST CONDITIONS 

* Output Load : 1 TTL Gate and C^lOOpF 

* Input Pulse Rise and Fall Times : 10ns Max, 

* Input Pulse Levels : 0.45Vv 2,4V 

* Timing Measurement Reference Level: Inputs 0,8V and 2,0V, Outputs 0.8V and 2,0V 


CAPACITANCE* (Ta=25°C, f-lMHz) 


SYMBOL 

; PARAMETER 

| TEST CONDITION 

MIN, 

TYP, 

MAX'. 

UNIT [ 

! C IN 

! Input Capacitance 

1 1 r 

1 Vj.n=0V 

■ 

4 

5 


C 0UT 

j Output Capacitance 

j Vqut=0V 

___L . ■ ■ . , — - .. 

■ 

3 i 

.E J 



* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 















































PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

vcc+i.o 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v cc 

VCC Power Supply Voltage 

5.75 

warn 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 


13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

X LI 

Input Current 

V IN =0 n, Vcc 

- 

- 


yA 

V 0H 

Output High Voltage 

Iqh =— ^COyA 

2.4 

- 

- 

V 

V 0L 

Output Low Voltage 

I 0L =2 * lmA 

- 

- 

0.4 

V 

I CC 

Vcc Supply Current 

- 

- 

- 

120 

mA 

I PP2 

Vpp Supply Current 

V PP=13.0V 

- 

- 

50 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

ps 

IS 

Address Hold Time 

- 

2 

- 

m 

ps 

1 

CE Setup Time 

- 

0 

- 

ES 

ns 

tCEH 

CE Hold Time 

- 

0 

- 

- 

ns 


OE Setup Time 

- 

2 

- 

mm 

ps 

tDS 

Data Setup Time 

- 

2 

- 

I 

ps 

t DH 

Data Hold Time 

- 

2 

- 

SB 

ps 

tVPS 

Vpp Setup Time 


2 

- 

- 

PS 

tvcs 

V CC Setup Time 


2_ 

- 

- 

ps 

tpw 

Initial Program Pulse Width 

ce=v il , oe=v ih 


1.0 

1.05 

ms 

t OPW 

Overprogram Pulse Width 

Note 1 

1 

3.0 

78.75 

ms 

VOE 

OE to Output Valid 

CE=Vih 

- 

- 

150 

ns 

l DFP 

OE to Output in High-Z 

CE=Vih 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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SYMBOL 


PARAMETER 


Input High Voltage 


Input Low Voltage 


Vqq Power Supply Voltage 


Vpp Power Supply Voltage 


MAX. 

UNIT 

v CC +1 -° 

V 


6.0 

6.25 

12.5 

12.75 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6 .25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 


ILI 


V 0H 


V 0L 



PARAMETER 

TEST CONDITION 

Input Current 

V IN =0^ v cc 

Output High Voltage 

■^OH = ~A00pA 

Output Low Voltage 

TOL^TmA 

Vqq Supply Current 

- 

Vpp Supply Current 

V pp =13.0V 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 



PARAMETER 


Address Setup Time 


Address Hold Time 


CE Setup Time 


CE Hold Time 
OE Setup Time 


Data Setup Time 


Data Hold Time 


Vpp Setup Time 


Vqq Setup Time 


Program Pulse Width 


OE to Output Valid 


OE to Output in High-Z 


TEST CONDITION 



CE=V IL , OE=V IH 


CE=Vih 


CE= v IH 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cp (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TMM2725SBD-15, TMM27256BD-150 
TMM27256BD-20, TMM27256BD-200 


ERASURE CHARACTERISTICS 

The TMM27256BD's erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then integrated dose (ultraviolet light intensity [w/cm2] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w*sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [yw/cm 2 ] x (20x 60) [sec] ~15 [w*sec/cm 2 ].) 

The TMM27256BD's erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000m 4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals-Toshiba EPROM Protect Seal AC901-are available. 

OPERATION INFORMATION 


The TMM27256BD’s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


PIN NAMES (NUMBER) 

MODE —---__ 

CE 

(20) 


Vpp 

(1) 

V CC 

(28) 


pout:i: 

Read Operation 

(Ta=0 v70°C) 

Read 

L 


5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

D 

H 

12. SV 1 ^ 
2) 

12.75V 

6 V 1 ) 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

Hi 


High Impedance 

Program Verify 

isS 

L 

Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE H 


READ MODE 

The TMM27256BD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (0E) control the output buffers, independent of device selection. 
Assuming that CE=0E=ViL, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE - to output valid (tCE) is equal to the address access time (t^cc)• 

Assuming that CE=Vxl and all addresses are valid, the output data is valid at the 
outputs after Iqe from the falling edge of OE. 
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TMM27256BD-15, TMM27256BD-150 
TMM27256BD-20, TMNI27256BD-200 

OUTPUT DESELECT MODE 

Assuming that CE=Vpp or OE=VpH, the outputs will be in a high impedance state. 

So two or more TMM27256BD's can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27256BD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256BD is placed in the standby 
mode which reduce 70% of the operating current by applying TTL-high level and 
then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256BD are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce "0’s" data into the desired bit 
locations by electrically programming. 

The TMM27256BD is in the programming mode when the Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level under 0E=Vpp. 

The TMM27256BD can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the pro¬ 
grammed bits. 

The verify is accomplished with OE at Vpp and CE at Vpp or Vpp. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27256BD from being programmed. 
Programming of two or more TMM27256BD’s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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TMM27256BD-15, TMM27256BD-150 
TMM27256BB-20, TMM27256BB-200 




HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vcc=6.0V and Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 

HIGH SPEED PROGRAMMING MODE D 

The program time can be greatly decreased by using this high speed programming mode 
1. This high speed programming mode E is performed at Vqq= 6.25V and Vpp=12.75V. 
The programming is achieved by applying a single TTL low level 0.1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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TMM27256BD-15, TMNE27256BD-150 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 
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MM27256BD- 

MM27256BD- 


START 


PROGRAM: TPW= 0.1 ms 


READ:ONE BYTE 


LAST ADDRESS? 


READ 

ALL BYTES 


HIGH SPEED PROGRAMMING MODE H FLOW CHART 


V cc = 6.25 ± 0.25 \ 
Vpp = 12.75 ± 0.25 \ 


ADDRESS 

= START ADDRESS 


ADDRESS 

- NEXT ADDRESS 


Vcc — 5 -°' 









TMM27256BD-15, TMM27256BD-150 
TMM27256BB-20, TMM27256BD-200 


ELECTRIC SIGNATURE MODE 


Electric signature mode allows to read out a code from TMM27256BD which identifies 
its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27256BD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjp in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjp. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TMM27256BD. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^'''-\^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

o 

0 

0 

98 

Device Code 

VlH 

0 

1 

0 

1 

0 

1 

o 

_1 

0 

54 


Notes: A9=12V±0.5V 

A1^A8, A10 ^ A14 , CE, 0E=V IL 
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TOSHIBA MOS MEMORY PRODUCTS 


32,768 WORDX8 BIT N-MOS UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 


TMM27256BDI-15, 
TMM27256BDI-20 


PRELIMINARY 


DESCRIPTION 

The TMM27256BDI is a 32,768 word x 8 bit ultra¬ 
violet light erasable and electrically programmable read 
only memory. 

For read operation, the TMM27256BDI's access time is 
150ns/200ns, and the TMM27256BDI operates from a 
single 5-volt power supply and has low power standby 
mode which reduces the power dissipation without 


increasing access time. The standby mode is achieved by 
applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved 
by using the high speed programming mode. The TMM 
27256BDI is fabricated with the N-channel silicon double 
layer gate MOS technology. 


FEATURES 



-15 -20 

Vcc 

5V ± 5% 

t ACC 

1 50ns j 200 ns 

1CC2 

120mA 

I cci 

35mA 


• Wide operating temperature range —40 ~ 85°C 

• Full static operation 

• High speed programming mode I, II 

• I nputs and outputs TTL compatible 

• Pin compatible with i27256 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION 


BLOCK DIAGRAM 


VPP 
A12 
A7 
A 6 
A5 
A 4 
A3 
A 2 
A1 
AO 
00 
01 
02 
DUD 


vcc 

A14 
Al 3 
A 8 
A9 
All 

oif 

AlO 

CE 

07 

06 

05 

04 

03 



V pp CHID V cc 00 01 02 03 04 05 06 07 


OE 


CS 


AO 
Al 
A 2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
AlO 
All 
A12 
A13 
All 



PIN NAMES 


| A0~A14 

Address Inputs 

§ 

o 

Outputs (Inputs) 

L CE ._ 

Chip Enable Input 

i °" E 

Output Enable Input 

Vpp 

Program Supply Voltage 

v cc 

Power Supply Voltage 
(+5V) 

GND 

Ground 


MODE SELECTION 


PIN 

CE 

( 20 ) 

OE 

( 22 ) 

Vpp 

( 1 ) 

FS < 

co ( } 

~ o 

Oo ~ O 7 

(11 ~ 13, 15~ 19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.5V 1 * 

12.75V 2 ’ 

6V 1 ’ 

6.25V 2 ’ 

Data In 

Active 

Program Inhibit 

H 


High Impedance 

Program Verify 

* 

L 

Data Out 


H or L 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE II 
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TOSHIBA MOS MEMORY PRODUCTS 

TC57256AD-12 


I description! 

The TC57256AD is a 32,768 word x 8 bit CMOS ultraviolet light erasable and electri¬ 
cally programmable read only memory. For read operation, the TC57256AD's access time 
is 120ns,and the TC57256AD operates from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high level signal to the CE input. Advanced 
CMOS technology reduces the maximum active current to 30mA/8.3MHz and standby current 
to lOOvA. For program operation, the programming is achieved by using the high speed 
programming mode. For program operation, the programming is achieved by using high 
speed programming mode. TC57256AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MOS technology. 


I FEATURES! 

• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Low power dissipation 

Active : 30mA/8.3MHz 
Standby: lOOuA 

• Fast access time: 

TC57256AD-12 120ns 


I PIN CONNECTION] 

VppC 
Al 2 C 

A7 C 
A6C 
AS C 
A4C 
A3C 
A2C 
AlC 
AO C 

ocC 

01 C 

02 II 

ON'DC 


(TOP VIEW) 


r -1 

^ z at 

V CC 

2 

27 1 

1 A14 

3 

25 I 

A13 

4 

25 I 

AS 

5 

241 

A 9 

6 

23 I 

1 Ai 1 

7 

22 I 

JoE 

3 

2i: 

A10 

9 

20 


10 

19 

07 

11 

IS I 

06 

12 

17 I 

05 

13 

16 I 

04 

14 

15 1 

03 


• Single 5V power supply 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, 

TMM23256P, TMM27256AD and TC57256D 

• Standard 28 pin DIP cerdip package 

[BLOCK DIAGRAM! 


V PP OND V CC tOO 01 02 03 04 05 06 07 



1 T ? 

miun 

0E°— 

CEO— 

oE SE 
CIRCUIT 


0UTFUT BUFFERS 


AO 0— 
Al O— 
A2 O— 
A3 0— 

3 

6 

COLUMN 

DECODER 

_1_ 

64 

COLUMN I/O 

CIRCUIT 



A4 0— 

? 




* 

AS O — 

±; 




._ L _ 

A 6 0— 

a 






A 7 C 1 — — 

* p V>-— 

:o 

| 9 

ROW 

512 

MEMORY CELL 

A 9 O — 

3 





ARRAY 

A10 O— 

3 


DECODER 


32,7 68 x Soils 

All O— 

< 






Al 2 0— 

A.13 0- 

Al 4 C-1_. 






I PIN NAMES! 

(MODE SELECTION! 

AO A14 

Address Inputs 

PIN 

CE 

OE 

Vpp 

V CC 

00 ^ 07 

POWER 

00 ^ 07 

Outputs (Inputs) 

MODE 

(20) 

(22) 

(1) 

1281 

(11^ 13, 15 ^ 19) 

CE 

Chip Enable Input 

Read 

L 

L 



Data Out 

Active 

— 

J L 

Output Enable Input 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 

'^PP 

Program Supply 

Standby 

H 

* 



High Impedance 

Standby 

Voltage 

Program 

L 

H 



Data In 


V CC 

^CC Supply Voltage 

Program Inhibit 

H 

H 

12.5V 

6V 

High Impedance 

Active 

(+5V) 

Program Verify 

* 

L- 



Data Out 


GND 

Ground 

* H or L 
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SYMBOL 


ITEM 


RATING 


UNIT 


Vcc 

Vcc Power Supply Voltage 

-0.6 'v- 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6> 14.0 

V 

VlN 

Input Voltage 

-0.6^ 7.0 

V 

vr/o 

Input/Output Voltage 

-0.6 n, Vcc+Q• 5 

V 

PD 

Power Dissipation 

1.5 

w 

Tsolder 

Soldering Temperature Time 

260 • 10 

°C ’ sec 

t strg 

Storage Temperature 

-55 % 125 

°C 

Topr 

Operating Temperature 

0 ^ 70 

o n 

o 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. ] UNIT 

VlH 

Input High Voltage 

2.2 

~ 

VcC+0.3 | 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 * | 

vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 | 

Vpp 

Vpp Power Supply Voltage 

Vcc-O.S 

v cc 

Vcc+O.S ] 


D.C. and OPERATING CHARACTERISTICS (Ta= 0 ^70°c, V CC »5V±5Z) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vin=0V'vV CC 

- 

- 

±10 

U A 

Iccoi 

Operating Currant 

C£=0V jf-8.3MHz 

- 

- 

30 

mA 

I CC02 

r OUT =0raA 

- 


10 

r CCSl 

Standby Current 

nsxswm i 


_ 

l 

mA 

r CCS2 

CE=V C C-0.2V 


~ 

100 

U A 

v OH 

Output High Voltage 

l0H = ~AOOuA 

2.4 

_ 


V 

v OL 

Output Low Voltage 

I 0 l= 2.1mA 


- 

0.4 

V 

Ippi 

Vqq Current 

Vpp=V,00 t 0.6V 

' 


±10 ] uA 

o 

-j 

>—i 

Output Leakage Current 

VqUT”^•AV^ Vcc 

... 

L-— 

±10 j u A 
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A.C. CHARACTERISTICS (Ta= 0 ^ 70°C, V CC =5V±5%, V PP =V cc ±0. 6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57256AD-12 

UNIT 

MIN. 

MAX. 

t ACC 

Address Access Time 

ce=oe=v il 

- 

120 

ns 

c CE 

CE to Output Valid 

OE=Vil 

- 

120 

C 0E 

OE to Output Valid 

CE=Vil 

- 

60 

t DFl 

CE to Output in High-Z 

oe=v il 

0 

50 

t DF2 

OE to Output in High-Z 

CE=V rL 

0 

50 

t 0H 

Output Data Hold Time 

ce=oe=v il 

0 

- 


A.C. TEST CONDITIONS — - 

• Output Load : 1 TTt> Gate and Cp=100pF 

• Input Pulse Rise.and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta-25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IX 

Input Capacitance 

v IN =ov 

- 

4 

6 

P F 

C 0l’T 

Output Capacitance 

Vqut-OV 


8 

12 























































PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1.0 


VIL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 



D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V ± 0.25V, V PP =12.5V ; 0.5V) 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25= 5°C, V C c=6V± 0.25V, V PP *12.5V i 0.5V) 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cp (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V a 2.4V 

• Timing Measurement Reference Level : Input O.SV and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
v a 1 u e a . 
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C57256AD-1 


TIMING WAVEFORMS (PROGRAM) 

( v Cc= 6v± °.25 v , V pp =12.5V±0.5V) 


Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 


Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 


3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 


DniTT v AIj-lD 


PROGRAM V3HIFY 


PROGRAM 






TC57256AD-12 


ERASURE CHARACTERISTICS] 

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then intergrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [uw/ cm 2 ]*(20* 60) [sec] £15 [w • sec/ cm 2 ] .) 

The TC57256AD's erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000^4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


OPERATION INFORMATION 


The TC57256AD's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 


IN NAMES (NUMBER) 

MODE 

CE 

(20) 

OE 

(22) 

■ 

v cc 

(28) 

O0-O7 

(11 v 13, 15 w 19) 

POWER 

. ■„ 

neaa operation 

(Ta= 0 '> 70 : C) 

Read 

L 

L 


5 V 

Data Out 

nCtive 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25 : 5°C) 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; V IH , L; V IL , *; Vjp or 


READ MODEj 

The TC57256AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming that CE=OE=Vil, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid ( c ce) is equal to the address access time ( c ACC) • 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 
outputs after C QE from the falling edge of OE. 


.'OUTPUT DESELECT MODE! 

Assuming that CE=Vqp or 0E=Vrp, the outputs will be in a high impedance state. 

So two or more TC57256AD's can be connected together on a common bus line. 

'•.'hen CE is decoded for device selection, all deselected devices are in low power 

st.indbv mode. 
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TC57256AD-12 


1 STANDBY MODE 

The TC57256AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57256AD is placed in the standby 
mode which reduce the operating current to 100uA by applying MOS-high level (Vqq) 
and then the outputs are in a high impedance state, independent of the OE inputs. 


1 PROGRAM MODE] 

Initially, when received by customers, all bits of the TC57256AD are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce "0's" data into the desired bit 
locations by electrically programming. 

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low under OE=Vpj^. 

The TC57256AD can be programmed any location at any time either individually, 
sequentially, or at random. 

[PROGRAM VERIFY MODE] 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at V^., 

InnflrnMi T.iiirnrr Mnnr I 
irKuuKrwl inHiui i i'iuuC| 

Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being programmed. 

Programming of two or more TC57256AD's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL low level program pulse is' applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 

[HIGH SPEED PROGRAMMING MODE| 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the program¬ 
ming voltage (+12.5V) is applied to the Vpp terminal with Vqc=6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times) 

After correctly programming the selected address, the additional program pulse 
with width of 3 times more than that needed for initial programming is applied. 

Vhen programming has been completed, the data in all addresses should be verified 
with v'cc = Vpp=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 










M&& S&3 HI 

i*,' r *«, 
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III 

HH 


ELECTRIC SIGNATURE MODE| 


.1 „Mm§> 


TC57256AD-12 


Electirc signature mode allows to read out a code from TC57256AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57256AD by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vil in read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is set 
to Vjjj. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electirc signature of TC57256AD. 



PINS 

SIGNATURE 


Manufacture 

Code 

Device Code 


06 05 04 

(10) |(19) |(18) (17) (16) 


HEX. 

(13) |(12) |(11) | DATA 



Notes: A9=12V±0.5V 

A1^48, A10^A14, CE, 0E=V IL 








































TOSHIBA NIOS MEMORY PRODUCTS 


32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY 
MEMORY 

SILICON STACKED GATE MOS__ 


TC57256AD-15 
TC57256AD-20 


DESCRIPTION 

The TC57256AD is a 32,768 word x 8 bit CMOS 
ultraviolet light erasableand electrically programmable 
read only memory. For read operation, the TC 
57256AD's access time is 150ns, and the TC57256AD 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high 


level signal to the CE input. Advanced CMOS techn- 
nology reduces the maximum active current to 30 
mA/6.7MHz and standby current to 1 00//A 

For program operation, the programming is achieved 
by using the high speed programming mode. 

TC57256AD is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MOS 
technology. 


FEATURES 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power dissipation 

30mA/6.7MHZ (atcive) 

100/l/A (standby) 

• Fast access time TC57256AD-1 5 150ns 

TC57256AD-20 200ns 


• Single 5V power supply 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P and 
TMM23256P EPROM i27256 

• Standard 28 pin DIP cerdip Package 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 



PIN NAMES 


MODE SELECTION 


A 0 ~ A14 

Address Inputs 

Oo ~ 0 ^ 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

V P p 

Program Supply 

Voltage 

v cc 

Power Supply Voltage 
(+5V) 

GND 

Ground 


PIN 

MODE^\^ 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

v cc 

(28) 

Oo ~ O7 

(11 ~ 13, 15 ~ 19) 

POWER 

Read 

L 

L 

5V 


Data Out 

Active 

Output Deselect 

* 

H 

5V 

High Impedance 

Standby 

H 

* 

5V 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6 V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


* H or L 


G-91 




SYMBOL 


ITEM 


RATING 


UNIT 


V CC 

Power Supply Voltage 

-0.6% 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6% 14.0 

V 

VlN 

Input Voltage 

-0.6% 7.0 

V 

Vl/O 

Input/Output Voltage 

-0.6% Vcc + 0.5 

V 

PD 

Power Dissipation 

1.5 

w 

TsOLDER 

Soldering Temperature Time 

260 • 10 

°C • sec 

t strg 

Storage Temperature 

-65% 125 

°C 

TqPR 

Operating Temperature 

-40% 85 

°C 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

VcC+0- 3 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 1 

v C c 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

VcC-0.6 

V CC 

v CC +0 * & 


D.C. and 

OPERATING CHARACTERISTICS 

SYMBOL 

PARAMETER 

ILI 

Input Current 

TCCOl 

Operating Current 

I CC02 

I CCS1 

Standby Current 

1CCS2 

V 0H 

Output High Voltage 

V 0L 

Output Low Voltage 

X PP1 

Vqq Current 

X LO 

Output Leakage Current 


(Ta=-40 % 85°C, Vcc=5V± 5%) 


TEST CONDITION MIN. TYP 


VlN=OV%V CC 


CE=OV |f=6.7MHz 

I OUT =0raA |f=lMHz 


CE=Vih 



Vpp=Vcc - 0.6V 


^OUT = 0 • 4 V ^ V CC 





















































































































TC57256AD-15 

TC57256AD-20 


A.C. CHARACTERISTICS (Ta=-40^ 85 °C, V CC =5V±5%, V PP =V cc ±0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57256AD-15 

TC57256AD-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

‘-ACC 

Address Access Time 

CE=0E=Vil 

- 

150 

- 

200 

ns 

c CE 

CE to Output Valid 

oe=v il 

- 

150 

- 

200 

t 0E 

OE to Output Valid 

CE=Vil 

- 

70 

- 

70 ' 

t DFl 

CE to Output in High-Z 

0E=Vil 

0 

60 

0 

60 

t DF2 

OE to Output in High-Z 

CE=Vil 

0 

60 

0 

60 

C 0H 

Output Data Hold Time 

ce=oe=v il 

0 

- 

0 

- 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C p = 100pF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

v IN =ov 

- 

4 

6 

pF 

C OUT 

Output Capacitance 

vqut=ov 

- 

8 



* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PARAMETER 


UNIT 


SYMBOL 


Input Low Voltage 


VCC Power Supply Voltage 


Vpp Power Supply Voltage 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5°c, v C c=6v ± 0.25V, Vpp=l2.5V ± 0.5V) 



A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6v± 0.25V, Vpp=12.5V± 0.5V) 



A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cp (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V'v-2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC57256AD-15 

TC57256AD-20 


TIMING WAVEFORMS (PROGRAM) 

(V CC =6V±0.25 V , V PP =12.5V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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T657256AD-15 

TC57256AD-20 


ERASURE CHARACTERISTICS 

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537.X (Angstroms) to the chip through the transparent window. 

Then intergrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [yw/cm 2 ] x (20 x 60) [sec] =15 [w • sec/cm 2 ].) 

The TC57256AD's erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000 ^ 4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


OPERATION INFORMATION 

The TC57256AD's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


~~~~ ~ -— -- NAMES (NUMBER) 

MODE - 

CE 

( 20 ) 

OE 

( 22 ) 

Vpp 

( 1 ) 

— 

vcc 

(28) 

oo ^07 

(11 -v 13, 15 ^ 19) 

POWER 

Read Operation 
(Ta=-40 v 85 °C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25 1 5 °C) 

Program 

L 

H 

12.5V 

6 V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; Vj H , L; V IL , *; V IH or Vj L 


READ MODE 

The TC57256AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming that CE=0 E=Vjl> the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid ( t CE) is equal to the address access time (t^CC)• 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 
outputs after ^OE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vjp or 0E=Vj^, the outputs will be in a high impedance state. 

So two or more TC57256AD's can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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STANDBY MODE 

The TC57256AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57256AD is placed in the standby 
mode which reduce the operating current to 100yA by applying MOS-high level (Vqq) 
and then the outputs are in a high impedance state, independent of the OE inputs. 


PROGRAM MODE 

Initially, when received by customers, all bits of the TC57256AD are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce "0's" data into the desired bit 
locations by electrically programming. 

The TC57256AD is in the programming mode when the Vpp Input is at 12.5V and CE is 
at TTL-Low under OE=Vpp. 

The TC57256AD can be programmed any location at any time either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vpp. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being programmed. 

Programming of two or more TC57256AD's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the program¬ 
ming voltage (+12.5V) is applied to the Vpp terminal with Vqq=6 V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times) 

After correctly programming the selected address, the additional program pulse 
with width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with VcC = Vpp=5V. 


- G-97 - 



mmm 



“ :ca ; - 


ADDRESS = 
START ADDRESS 


DATA 


PROGRAM lms PULSE 


VERIFY 


ADDRESS = 
NEXT ADDBESS 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC57256AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57256AD by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vil in read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is set 
to V|j|. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electirc signature of TC57256AD. 


PINS 

S IGNATURE^^^^__ 

AO 

(10) 

07 

(19) 

06 

(18) 

05 

(17) 

04 

(16) 

03 

(15) 

02 

(13) 

01 

(12) 

00 

(11) 

HEX. 

DATA 

Manufacture Code 

V IL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

1 

1 

0 

0 

0 

1 

0 

0 

C4 


Notes: A9=12V±0.5V 

A1 v A8, A10^A14, CE, 0E=V IL 
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OUTLINE DRAWINGS 


Unit in mm 


28 27 26 25 24 23 22 21 2d 19 18 17 16 15 


+ 0.15 
0.4 6-0.10 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No.28 


2. This value is measured at the end of leads. 


3. All dimensions are in millimeters. 













TOSHIBA IHOS MEMORY PRODUCTS 


65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL¬ 
ECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
PRELIMINARY 


TMM27512D-20JMM27512D-200 
TMM27512D-25/TMM27512D-250 


DESCRIPTION 


The TMM27512D is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read memory. 

For read operation, the TMM27512D’s access time is 
200ns/250ns. The TMM27512D operates from a single 5- 
volt power supply and has a low power standby mode which 


reduces power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level 
signal to the CE input. For program operation, the pro¬ 
gramming is achieved by using the high speed prgramming 
mode. The TMM27512D is fabricated with N-channel 
silicon double layer gate MOS technology. 


FEATURES 



lO 

CM 

1 

O 

CM 

1 

_ 

-200 -250 | 

Vcc 

5 V ± 5% 

5V ±10% 

tACC 

200ns | 250ns 

200ns 250ns 

1CC2 

120mA 

130mA 

Icci 

35mA 

40mA 


• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pm compatible with i2751 2 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION (TOP VIEW) 



PIN NAMES 


a 0 ~a 15 

Address Inputs 

0o~0 7 

Outputs (Inputs) 

CE 

Chip Enable 

Input 

OE/Vpp 

Output . 

/Program 


Enable / 

Supply 


Input/ 

Voltage 

Vcc 

Power Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


Vpp GND V cc 00 01 02 03 04 05 06 07 



MODE SELECTION 


PIN 

MODE 

CE 

(20) 

OE/ 

Vpp 

(22) 

Vcc 

(28) 

o 0 ~o 7 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

Vpp 

6V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


* H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6-7.0 

V 

Vi/o 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C-sec 

PSTG 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

£ 

1 

o 

•c 


READ OPERATION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2751 2D-20/25 

TMM2751 2D-200/250 

Ta 

Operating Tamperature 

0 —70°C 

0 —70°C 

Vcc 

Vcc Power Supply Voltage 

5 V ± 5% 

5 V ±10% 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

!u 

Input Current 

Vin= 0—Vcc 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout= 0.4—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

i 

> 

II 

UJ 

lo 

-20/25 

- 

- 

35 

mA 

-200/250 

- 


40 

1 CC2 

Supply Current (Active) 

Ol 

m 

II 

< 

-20/25 

- 

- 

120 

mA 

-20/250 

- 

- 

130 

VlH 

Input High Voltage 

- 

2.0 


Vcc+1 .0 

V 

VlL 

Input Low Voltage 

- 

-0.3 


0.8 

V 

VoH 

Output High Voltage 

Ion — —400^A 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc + 0 .6 

- 

- 

±10 

aA 
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A. C. CHARACTERISTIC® 


SYMBOL 

PARAMETER 

TMM2751 2D-20/200 

TMM2 751 2D-25/250 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

200 

- 

250 

ns 

tCE 

CE to Output Valid 

- 

200 

- 

250 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

100 

ns 

tDF 1 

CE to Output in High-Z 

O 

60 

0 

90 

ns 

t0F2 

OE to Output in High-Z 

0 

60 

o 

90 

ns 

tOH 

Output Data Hold Time 

0 


___° ! _ 

ns 


A. C. TEST CONDITIONS 

1 TTL Gate and Cl= 10OpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta = 25'C, f = 1MHz) 


SYMBOL ! PARAMETER j TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClNl 

Input Capacitance | Vin = OV 

- 

4 

6 

PF 

ClN2 

OE/Vpp Input Capacitance 

< 

z 

II 

O 

< 

- 

50 

60 

PF 

CoUT 

Output Capacitance 

Vout—OV 

- 

8 

_ 

JJLj 

PF 


* This paramater <s periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 


Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

-0.3 


0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5‘C, Vcc=6V±0.25V, V PP = 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin=0~Vcc 

- 

- 

±10 

„A 

Voh 

Output High Voltage 

Ioh — — 400//A 

2.4 

- 

- 

V 

VoL 

Outpu Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

130 

mm 

l P P2 

Vpp Supply Current 

V PP = 13.0V 

- 

- 

50 

S3 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5‘C, Vcc = 6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

_ 


AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tOES 

OE/Vpp Setup Time 

- 

2 

- 

- 

AS 

tOEH 

OE/Vpp Hold Time 

- 

2 

- 

- 

AS 

tPRT 

OE/Vpp Pulse Rise Time 

- 

50 

- 

- 

AS 

tDS 

Data Setup Time 

- 

2 

- 

- 

AS 

tDH 

Data Hold Time 

- 

2 

- 

- 

AS 

tVR 

OE/Vpp Recovery Time 

- 

2 

- 

- 

AS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

AS 

tpw 

Initial Program Pulse Width 

CE=Vn, OE/Vpp = Vpp 

0.95 

1 

1 .05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tov 

Data Valid from CE 

OE/Vpp= Vil 

- 

- 

1 

AS 

tDF 

CE to Output in High-Z 

OE/Vpp= Vil 

- 

- 

130 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter value X. 
















TMM275120-20, TMM275120-200 
TMM275120-25, TMM275120-250 


TIMING WAVEFORMS (PROGRAM) 
(Vcc r= 6V±0.25V, Vpp = 12.5V±0.5V) 



Note: (1) VpQ must be applied simultaneously with or before Vpp and cut off simultaneously with or after Vpp. 

(2) Removing the device from the socket and setting the device in the socket with Vpp=12.5 V may cause permanent 
damage to the device. 

(3) The Vpp supply voltage is permitted up to 14V for program operation; Voltages over 14V should be 
applied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not exceed 14V. 
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ERASURE CHARACTERISTICS 

The TMM27512D’s erasure is achieved by applying 
shortwave ultraviolet light with a wavelength of 2537A 
(Angstroms) through the transparent window of the chip. 

The integrated dose (ultraviolet light intensity [w/cm 2 j X 
exposure time [sec.]) for erasure should be a minimum of 
15 [w • sec/cm 2 ]. 

When the Toshiba GL-15 sterilizing lamp is used and the 
device is exposed at a distance of 1cm from the lam p 
surface, erasure will be achieved within 60 minutes. 

Using a commercial lamp with an ultraviolet light inten- 

OPERATION INFORMATION 

The TMM2751 2D's six operation modes are list¬ 
ed in the following table. 


sity of 12000 [p-w/cm 2 ] reduces the exposure time to about 
20 minutes. (In this case, the integrated dose is 12000 
[p.w/cm 2 ] X (10X60) [sec] ^ 15 [w-sec/cm 2 ] .) 

The TMM27512D’s erasure begins to occur when ex¬ 
posed to light with wavelengths shorter than 4000A. Sun¬ 
light and flourescent lamps both include 3000~4000A 
wavelength components. Therefore when used under such 
lighting for extended periods of time, opaque seals-Toshiba 
EPROM Protect Seal AC901-are available 


Mode selection can be achieved by applying TTL 
level signal to all inputs. 


PIN NAMES(NUMBER) 

MODE 

CE 

(20) 

OE/Vpp 

( 22 ) 

Vcc 

(28) 

o 0 ~o 7 

(1 1—13, 15-19) 

- 

POWER 

Read Operation 

(Ta = 0~70”C) 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta = 25±5 C) 

Program 

L 

Vpp 

6V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Active 

Program Verify 


L 

Data Out 

Active 


Note : H ; Vih, L ; Vil, * ; Vih or Vil 


READ MODE 

The TMM27512D has two control functions. The chip 
enable (CE) controls the operation power and should be 
used for device selection. 

The output enable (OE) controls the output buffers, 
independent of device selection. 

Assuming that CE=OE=Vjl, the output data is valid at 
the outputs after address access time from stabilizing of all 

OUTPUT DESELECT MODE 

With CE=Vj:j-[ or OE=Vjjj, outputs will be in a high 
impedance state, so two or more TMM27512D’s can be 


addressess. 

The CE to output valid (t^g) is equal to the address 
access time Oacc)- 

Assuming that CE=Vjl, and all addresses are valid, the 
output data is valid at the outputs after tQE from the falling 
edge of OE. 


connected together on a common bus line. 

When CE is decoded for device selection, all deselected 
devices are in low power standby mode. 
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STANDBY MODE 

The TMM27512D has a low power standby mode 
controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512D 

PROGRAM MODE 

Initially, when received by customers, all bits of the 
TMM27512D are in the “1” state which is the erased state. 
The programming operation introduces “Os” data into the 
desired bit locations by electrical programming. 

PROGRAM VERIFY MODE 

The verify mode verifies that desired data is correctly 
programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is 
applied to Vpp terminal, a TTL high level CE input inhibits 
the TMM27512D from being programmed. 

Programming of two or more TMM27512D’s in parallel 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this 
high speed programming mode. 

This high speed programming mode is performed at 
V CC =6.0V and OE/V PP =12.5V 

The programming is achieved by applying a single TTL 
low level 1ms pulse to the CE input after addresses and 
data are stable. The programmed data is then verified by 
using the Program Verify Mode. 

If the programmed data is not correct, another program 


is placed in the standby mode which reduces 70% of the 
operating current. The outputs are in a high impedance 
state, independent of the OE inputs. 


The TMM27512D is in the programming mode when the 
OE/Vpp input is at 12.5V and CE is at TTL-Low level 
The TMM27512D can be programmed at any location, 
anytime, either individually, sequentially or at random. 


The verify is accomplished with OE/Vpp at Vjp and at 
CE at V IL . 


with different data is easily accomplished: all inputs except 
for CE are commonly connected, a TTL Low level program 
pulse is applied to the CE of the desired device only, and 
TTL high level signals are applied to the other devices. 


pulse of 1ms is applied and the programmed data is 
reverified. This should be repeated until the programmed 
data is correct, (max. 25 times) 

After correctly programming the selected address, an 
additional program pulse with width 3 times that needed for 
initial programming is applied. 

When programming has been completed, the data in all 
addresses should be verified with Vqc=5V. 
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START 


DATA 


VERIFY 


LAST 


OVERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 


HIGH SPEED PROGRAM MODE FLOW CHART 


ADDRESS = 
START ADDRESS 


v cc— &ov 


ADDRESS = 
NEXT ADDRESS 


PROGRAM lms PULSE 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows a code to be read from the 
TMM27512D which identifies its manufacture and device 
type. 

The programming equipment may be used to read out the 
manufacturer code and device code from the TMM27512D 
by using this mode before program operation and automa¬ 
tically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to 


address line A9 and the rest of address lines are set to Vjp 
in read operation. Data output under these conditions is the 
manufacturer code. Device code is identified when address 
AO is set to Vjjp These two codes possess an odd parity 
with the parity bit of MSB (07). 

The following table shows electric signature of the 
TMM27512D. 


PINS 

A 0 

0 7 

o 6 

0 5 

o 4 

o 3 

o 2 

0: 

Oo 

HEX. 

S1G NATURE" 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

0 

0 

0 

— 

1 

0 

1 

— 0 . 

1 

1 5 


Notes: A9 = 12V±0.5V 


A1 —A8, A10—A1 5,CE, OE = Vn 
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OUTLINE DRAWINGS 


Unit in mm 



Note : 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 


Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

C May, 1986 Toshiba Corporation 
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65,536 WORD X 8 BIT N-MOS UV ERASABLE AND EL- 

TMM27512DI-20 


DESCRIPTION 

The TMM27512DI is a 65,536 word X 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. 

For read operation, the TMM27512DI’s access time is 
200ns/250ns. The TMM27512DI operates from a single 5- 
volt power supply and has a low power standby mode which 
reduces power dissipation without increasing access time. 


The standby mode is achieved by applying a TTL-high level 
signal to the CE input. 

For program operation, the programming is achieved by 
using the high speed prgramming mode. TMM27512DI is 
fabricated with N-channel silicon double layer gate MOS 
technology. 


FEATURES 



-15 

-20 

Vcc 

5V ± 5% 

tACC 

1 50ns 

200ns 

1CC2 

120mA 

Icci 

35mA 


• Wide operating temparature range — 40~85°C 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with i27512 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION (TOP VIEW) 


A15 

c 

7^ 

J 28 

□ 

V CC 

A12 

c 

2 

27 

□ 

A14 

A7 

c 

3 

26 


A13 

A6 

c 

4fc 

25 

□ 

A8 

A5 

c 

5 

24 

□ 

A9 

A4 

c 

e 

23 

□ 

All 

A3 

c 

7 

22 

3 

OEJ/V pp 

A2 

c 

8 

21 

3 

A10 

A1 

c 

9 

20 

3 

CE 

AO 

c 

10 

19 

□ 

07 

00 

c 

11 

18 

□ 

06 

01 

d 

12 

17 

□ 

05 

02 

c 

13 

16 

□ 

04 

OND 

c 

14 

15 

3 

03 


PIN NAMES 


a 0 ~a 15 

Address Inputs 

o„~o 7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE/Vpp 

Output 

/Program 


Enable 

/ Supply 


Input / 

Voltage 

Vcc 

Power Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 

V PP OND V CG 00 01 02 03 04 05 06 07 



MODE SELECTION 


PIN 

MODE 

CE 

(20) 

OE/ 

Vpp 

(22) 

Vcc 

(28) 

o 0 ~o 7 

(11 — 13, 15-19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

Vpp 

6V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


* H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6-7.0 

V 

Vi/o 

Input/Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C-sec 

PSTG 

Storage Temperature 

-65-125 

•c 

Topr 

Operating Temperature 

-40-85 

°C 


READ OPERATION 

D. C. AND RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM2751 2DI-20/25 

Ta 

Operating Temperature 

— 40 —85°C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 


D. C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

o 

u 

> 

1 

O 

II 

z 

> 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout = 0.4— Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

< 

I 


- 

40 

mA 

ICC2 

Supply Current (Active) 

CE = Vil 

- 

- 

130 

mA 

VlH 

Input High Voltage 


2.2 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 


-0.3 

- 

0.8 

V 

VOH 

Output High Voltage 

Ioh= — 400//A 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

loi. = 2.1 mA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp=0—Vcc+0.6 

- 

- 

±10 

aA 
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TMM2751201-20 
TMM27512DI-25 


A. C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM2751 2DI-20 

TMM2751 2DI-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

200 

- 

250 

ns 

tCE 

CE to Output Valid 

- 

200 


250 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

100 

ns 

ton 

CE to Output in High-Z 

0 

60 

0 

90 

ns 

tOF2 

OE to Output in High-Z 

0 

60 

0 

90 

ns 

tOH 

Output Data Hold Time 

0 

_ _ 

l_ 0 

_Z_ 

L_ ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci= lOOpF 
1 Ons Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25"C, f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 


Input Capacitance 

Vin = 0V 

- 

4 

6 

pF 


OE/Vpp Input Capacitance 

Vin^OV 

- 

50 

60 

PF 

CoUT 

Output Capacitance 

Vout = OV 

- 

8 

ul 2 

PF 


* This paramater is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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TMM2751201-20 
TMM2751201-25 


PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5”C, Vcc=6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin = 0~Vcc 

- 

- 

±10 

aA 

VoH 

Output High Voltage 

Ioh= —400/iA 

2.4 

- 

- 

V 

VoL 

Outpu Lo\q/ Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

130 

mA 

1 PP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 

mA 

VlD 

A9 Auto Select Voltage 

- 

1 1 .5 

12.0 

12.5 

V 


A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5-C. V CC =6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

■ 

tAS 

Address Setup Time 

- 

2 

- 

- 

AS 

tAH 

Address Hold Time 

- 

2 

- 

- 

AS 

tOES 

OE/Vpp Setup Time 

- 

2 

- 

- 

AS 

tOEH 

OE/Vpp Hold Time 

- 

2 

- 

- 

AS 

tPRT 

OE/Vpp Pulse Rise Time 

- 

50 

- 

- 

AS 

tDS 

Data Setup Time 

- 

2 

- 

- 

AS 

tDH 

Data Hold Time 

- 

2 

- 

- 

AS 

tvR 

OE/Vpp Recovery Time 

- 


- 


AS 

tvcs 

Vcc Setup Time 

- 


- 

■ 

AS 

tpw 

Initial Program Pulse Width 

CE=Vil, OE/Vpp = Vpp 


1 



tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tDV 

Data Valid from CE 

OE/Vpp=Vil 

- 

- 

1 

AS 

tDF 

CE to Output in High-Z 

OE/Vpp=Vil 

- 

- 

130 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : 1 . The length of the overprogram pulse may van/ as a function of the counter value X. 
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TMM27512DI-20 
TMM27512DI-25 


TIMING WAVEFORMS (PROGRAM) 
(Vcc = 6V±0.25V, Vpp-12.5V±0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V should be 
aplied to the Vpp terminal. When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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TMM2751201-25 


ERASURE CHARACTERISTICS 

The TMM27512DI's erasure is achieved by ap¬ 
plying shortwave o ultraviolet light which has a 
wavelegth of 2537A (Angstroms) to the Chip through 
the transparent window. Then integrated dose 
(ultraviolet light intensity [W/cm 2 ] x exposure time 
[sec.] ) for erasure should be a minimum of 15 
[w-sec/cm 2 ] 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

OPERATION INFORMATION 

The TMM27512DI's six operation modes are 
listed in the following table. 


ultraviolet light intensity is a 1 2000 [^w/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [^w/cm 2 ] 
x(10x60) [sec] =15 [w-sec/cm 2 ] .) 

The TMM27512DI's erasure begins to occur 
when pxposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000—4000A wevelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque seals-Toshiba 
EPROM Protect Seal AC901-are available. 


Mode selection can be achieved by applying TTL 
level signal to all inputs. 


--__ PIN NAMES(NUMBER) 

MODE —- 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

o 0 ~o 7 

(11-13, 15-19) 

POWER 

Read Operation 

(Ta = —40—85°C) 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta = 25±5°C) 

Program 

L 

Vpp 

6V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 

Active 


Note : H ; Vih, L ; Vil, * ; Vih or Vn 


READ MODE 

The TMM27512DI has two control functions. 
The chip enable (CE) controls the operation power 
and should be used for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming that CE = OE = Vil, the output data is 
valid at the outputs after address access time from 


stabilizing of all addresses. 

The CE to output valid (tcE) is equal to address 
access time (tACc). __ 

Assuming that CE = Vil and all addresses are 
valid, the output data is va[id at the outputs after toE 
from the falling edge of OE. 


OUTPUT DESELECT MODE 

Assuming that CE=Vih or OE = Vih, the outputs 
will be in a high impedance state. 

So two or more TMM27512DI's can be con¬ 


nected together on a common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 
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TMM27512DI-20 

TMM27512DI-25 


STANDBY MODE 

The TMM27512DI has a low power standby 
mode controlled by the CE signal. _ 

By applying a high level to the CE input, the 
TMM2751 2DI is placed in the standby mode which 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM27512DI are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"O's" data into the desired bit locations by electrically 
programming. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+_ 
1 2.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM27512DI from being pro¬ 
grammed. 

Programming of two or more TMM2751 2DI's is 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. 

This high speed programing mode is performed at 
Vcc = 6.0V and OE /Vpp= 12.5V 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres¬ 
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 


reduce 70% of the operating current by applying TTL- 
high level (Vcc) and then the outputs are in a high 
impedance state, independent of the OE inputs. 


The TMM2751 2DI is in the programming mode 
when the OE/Vpp input is at 12.5V and CE is at TTL- 
Low level. 

The TMM27512DI can be programmed any 
location at anytime either individually, sequentially, 
or at random. 


_The verify is accomplished with OE/Vpp at Vil and 

CTat Vil. 


parallel with different data is_easily accomplished. 
That is, all inputs except for CE may be commonly 
connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 


program pulse of 1ms is applied and then the pro¬ 
grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 3 
times that needed for initial programming is applied. 

When programming has been completd, the data 
in all addresses should be verified with Vcc = 5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 
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TMM27512DI-25 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM2751 2DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from TMM2751 2DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor¬ 
ithm . 

Electric Signature mode is set up when 12V is 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2751 2DI. 


PINS 

A„ 

0, 

0 6 

0 5 

0 4 

o 3 

0 2 

0, 

o„ 

HEX. 

S1G N ATURE^~^'^__ 

00) 

09) 

08) 

0 7) 

06) 

0 5) 

03) 

02) 

(ID 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

0 

0 

0 

1 

-. .g—l 

1 

0 

1 

15 


Notes: A9=12V±0.'5V 

A1-A8, A10—A1 5,CE, OE = Vn 
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Unit in mm 


I 15.24 ± 0.3 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 
c April, 1987 Toshiba Corporation 


OUTLINE DRAWINGS 


Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with 
respect No. 1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in milimeters. 


+ 0.15 
0.46-0.10 
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TOSHIBA MOS MEMORY PRODUCTS 


65,536 WORDX8 BIT N-MOS UV ERASABLE 
AND ELECTRICALLY PROGRAMMABLE 
READ ONLY MEMORY 


TMM27512AD-17 

TMM27512AD-20, TMM27512AD-200 
TMM27512AD-25, TMM27512AD-250 


PRELIMINARY 


DESCRIPTION 

The TMM27512AD is a 65,536 word x 8 bit ultra¬ 
violet light erasable and electrically programmable read 
only memory. 

For read operation, the TMM27512AD's access time is 
170ns/200ns/250ns, and the TMM27512AD operates 
from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation 


without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the CE 
input. 

For program operation, the programming is achieved 
by using the high speed programming mode. The TMM 
27512AD is fabricated with the N-channel silicon double 
layer gate MOS technology. 


FEATURES 



-17 | -20 | -25 

-200 [ -250 

B < 

5V + 5% 

5V ± 10% 

t ACC 

170ns | 200ns | 250ns 

200ns | 250ns 

'CC2 

120mA 

130mA 

1 CC1 

35mA 

40mA 


• Full static operation 

• High speed programming mode I, II 

• Inputs and outputs TTL compatible 

• Pin compatible with i27512 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION 


BLOCK DIAGRAM 


A15 C 
A12 C 

A7 C 
A 6 C 
A5 C 
A 4 C 
A3 C 
A2 C 
At C 
AO C 

oo C 
01 C 
02 C 
OND C u 


3 v cc 

3 A14 

□ A13 

□ A8 

3 A 9 

□ All 

3 OE/Vpp 

3 A10 
3 CUT 

□ 07 
3 06 
3 05 
3 04 
3 03 


Vpp OND V cc 00 01 02 03 04 05 06 07 



PIN NAMES MODE SELECTION 


A0~ A15 

Address Inputs 

00 ~ 07 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE/Vpp 

Output / Program 
Enable / Supply 

Input / Voltage 

V CC 

Power Supply Voltage 
(+5V) 

GND 

Ground 


' PIN 

M OD 

CE 

(20) 

OE/Vpp 1 

< 22 > 

Vcc 

(28) 

00 ~ 07 

(11 ~ 13, 15 ~ 19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

Vpp 

6V 11 

6.25V 2) 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


*: H or L 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE II 
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TOSHIBA BIOS MEMORY PRODUCTS 


65,536 WQRDX8 BIT IM-MOS UV ERASABLE AMD ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 


TMM27512ADI-17, 
TMM27512ADI-20, 
TMM27512ADI-25 


PRELIMINARY 

DESCRIPTION 


The TMM27512ADI is a 65,536 word x 8 bit ultra¬ 
violet light erasable and electrically programmable read 
only memory. 

For read operation, the TMM27512ADI's access time 
is 170ns/200ns/250ns, and the TMM27512ADI operates 
from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation 


without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the CE 
input. 

For program operation, the programming is achieved 
by using the high speed programming mode. The TMM 
27512ADI is fabricated with the N-channel silicon double 
layer gate MOS technology. 


FEATURES 



-17 I -20 [ -25 

Vcc 

5V ± 5% 

t ACC 

170ns 200ns 250ns 

! CC2 

130mA 

• CC1 

40mA 


• Wide operating temperature range —40 ~ 85°C 

• Full static operation 

• High speed programming mode I, 11 

• Inputs and outputs TTL compatible 

• Pin compatible with i27512 

• Standard 28 pin DIP cerdip package 


PIN CONNECTION 


BLOCK DIAGRAM 


A15 

C 

1 

1 


□ 

v cc 

A12 

C 

2 

27 

□ 

A14 

A7 

C 

3 

.26 

3 

A13 

A6 

C 

4 

25 

3 

A8 

A5 

C 

5 

24 

3 

A9 

A4 

C 

6 

23 

□ 

All 

A3 

c 

7 

22 

□ 

OE/Vpp 

A2 

c 

8 

21 

3 

A10 

A1 

C 

9 

20 

3 

CE 

AO 

c 

10 

19 

3 

07 

00 

C 

11 

18 

3 

06 

01 

q 

12 

17 

3 

05 

02 

c 

13 

16 

□ 

04 

OND 

c 

14 

15 

3 

03 


PIN NAMES 


MODE SELECTION 


Vpp OND V cc 00 01 02 03 04 05 06 07 



PIN 

MODE 

CE 

(20) 

OE/Vpp 

(22) 

V CC 

(28) 

00 ~ 07 

(11 ~ 13, 15 ~ 19) 

POWER 

Read 

L 

L 


Data Out 

Active 

Output Deselect 


H 

5V 

High Impedance 

Standby 

H 

* 


High Impedance 

Standby 

Program 

L 

Vpp 

ev 11 2) 

6.25V 2 ' 

Data In 


Program Inhibit 

H 

Vpp 

High Impedance 

Active 

Program Verify 

L 

L 


Data Out 



* ; H or L 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE II 


A0~ A15 

Address Inputs 

00 ~ 07 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE/Vpp 

Output / Program 
Enable / Supply 
Input / Voltage 

V CC 

Power Supply Voltage 
(+5V) 

GND 

Ground 
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TOSHIBA MOS MEMORY PRODUCTS 

TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 


I DESCRIPTION 

The TC571000D/TC571001D is a 131,072 word * 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC571000D is JEDEC standard pin configuration and the TC571001D is compatible with 
28 pin 1M bit Mask ROM. Both products are packed in 32 pin standard cerdip package. 

TC571000D/TC571001D is fabricated with the CMOS technology. Advanced circuit tech¬ 
niques provide both high speed and low power features with a maximum operating current 
of 30mA/6.7MHz and access time of 150ns/200ns/250ns. 

The programming times of the TC571000D/TC571001D except overhead times of EPROM pro¬ 
grammer is only 1A seconds by using the high speed programming algorithm. 


| FEATURES] 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 


♦ Access Time 



-15 | -20 

-25 

-200 

V CC 

5V±5% 

5V±10% 

Temp 

0%70°C 

-AO 'v. 85°C 

0% 70°C 

c ACC 

150ns 

200ns 

250ns 

200ns 


• Low power dissipation 

Active : 30mA/6.7MHz 
Standby: 100jjA(Ta=85°C) 


PIN CONNECTION ] (TOP VIEW) 

vpp 
A1 6 
A15 
A12 
A 7 
A 6 
A5 
A4 
A 3 
A2 
A 1 
A0 
DO 
D1 
D 2 
GND 


TC571000D TC571001D 



vpp [ i 

<7Et 2 

A15 C 3 
A1 2 [ 4 
A? [ 5 
A6 C 6 
A5 E 7 
A4 E 8 
A3 E 9 
A2 C 10 
A 1 C 11 
AO E 12 
DO [ 13 
D1 E 14 
D2 E 15 
GND E 16 


32 ] VCC 
31 3 PGM 
30 INC 
29 3 A1 4 
28 3 A1 3 
27 3 A8 
26 3 A9 
25 3 All 
24 3 A16 
23 3 A10 
22 3 CF 
21 3D7 
20 3 D6 
19 3 D5 
18 3 D4 
17 3 D3 


* Single 5V power supply 

* Full static operation 

* High speed programming operation: tpy 0.1ms 

* Input and output TTL compatible 

* JEDEC standard 32 pin: TC571000D 

* 1M MROM compatible : TC571001D 

* Standard 32 pin DIP cerdip package 


(Reference) 



1M Mask ROM. 
TC531000P ' 


PIN names! 

A0 A16 

Address Inputs 

DO %D7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable 

Input 

PGM 

Program Control 
Input 

Vcc 

Vqc Supply Voltage 

Vpp 

Program Supply 
Voltage 

GND 

Ground 

NC 

No Connection 
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TC571000 

TC571001D- 


BLOCK DIAGRAM 




0£ , CE , PGNl 
CIRCUIT 


OUTPUT BUFFERS 


COLUMN I/O 
CIRCUIT 





MEMORY CELL 


131,07 2x8bits 


MODE SELECTION 


MODE 

PGH 

CE 

OE 

Read 

H 

L 

L 

Output Deselect 

* 

* 

H 

Standby 

n 

H 

* 


Program 


Program Inhibit 


Program Verify 


H or L 


MAXIMUM RATINGS 



Vpp 

V CC 

OO^ 07 

POWER 

5V 

5V 

Data Out 

1 Active 

Righ Impedance 



High Impedance 

Standby 

12.75V 

6.25V 

Data In 

Active 

High Impedance 

High Impedance 



Data Out 



SYMBOL 

ITEM j 

V CC 

Vqc Power Supply Voltage 

Vpp 

Program Supply Voltage 

V IN 

Input Voltage 

v I/0 

Input/Output Voltage 

?D 

Power Dissipation 

T S OLDER 

Soldering Temperature Time 

t strg 

Storage Temperature 


Operating Temperature 


RATING 


-0.6 ^ 7.0 


-0.6 % 14.0 


-0.6^ 7.0 


-0.6^ Vqc+0.5 


260 • 10 


-65 n, 125 


-40 ^ 85 


UNIT 


V 


V 


V 


V 


W 


’C • sec 


°C 


°C 






































































































1 READ OPERATIONl 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 


TC571000Q/100ID-200 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

VlH 

Input High Voltage 

2.2 

~ 

Vcc* 1 * 0 - 3 

2.2 

- 

Vcc 4 * 0 - 3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

-0.3 

- 

0.8 

v cc 

VCC Power Supply Voltage 

4.75 

5.00 

5.25 

4.50 

5.00 

5.50 

|v PP 

Vpp Power Supply Voltage 

V C c“0.6 

v C c 

V C c+0.6 

Vcc-0.6 

V CC 

Vcc+O.6 


D.C. AND OPERATING CHARACTERISTICS (Ta=-40% 85°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. ! 

TYP. | MAX. 

UNIT 

ILI 

Input. Current 

VIN = 0^ Vcc 

- 

_ 

±10 

uA 

TCCOI 

Operating Current 



- 

30 

mA 

I CC02 


- 


10 

I CCS1 

Standby Current 

Ci=ViH 

- 


1 

mA 

I CCS2 

CE=V CC -0.2V 

- 

- 

100 

uA 

V'OH 

Output High Voltage 

Iqj;—" 400uA 

2.4 

- 

- 

V 

V 0L 

Output Low Voltage 

I OL =2 - lmA 

- 

- 

0.4 

V 

IPPI 

Vpp Current 

Vpp—V cc±0.6V 

- 

- 

=10 

vA 

±lo 

Output Leakage Current 

vout =0 -4v v vgc 

- 

- 

10 

UA 


Ta=0^70°C for TC571000D/TC571001D-15 , -200 


A.C. CHARACTERSITICS (Ta=-40 v 85°C, Vpp=V C c±0.6\n 


SYMBOL 

PARAMETER 

TC5710 00D/10 0ID 
~1 5 

TC571000D/1001D 

-20,-200 

TC571OOOQ/lOOID 
-25 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


tACC 

Address Access Time 

- 

150 

- 

200 

- 

250 


t CE 

CE to Output Valid 

- 

150 

- 

200 

- 

250 


tOE 

OE to Output Valid 


70 

- 

70 

- 

100 


t PGM 

PGM to Output Valid 

- 

70 

- 

70 

- 

100 


‘DF1 

CE to Output in High-Z 

0 

60 

o 

60 

0 

90 


t DF2 

OE to Output in High-Z 

0 

60 

0 

60 

0 

90 


C DF3 

PGM to Output in High-Z 

0 

60 

0 

60 

0 

90 


*0H 

Output Data Hold Time 

0 

- 

0 

- 

0 

- 



Ta=0v70°C for TC571000D/TC571001D-I5 , -200 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cp=100pF 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V 5o 2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571000D-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 


HIGH SPEED PROGRAM OPERATION! 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+l-O 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

v cc 

v cc Power Supply Voltage 

6.00 

6.25 

6.50 

Vpp 

Vpp Power Supply Voltage 

12.50 

12.75 

' 13.00 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6 .25±0.25V, V PP =i 2 .75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0 -v V cc 

- 

- 

= 10 

uA 

v OH 

Output High Voltage 

Ioh = —400uA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

I OL =2 - lmA 

- 

- 


V 

X CC 

V CC Supply Current 

- 

- 

- 

30 

mA 

Ipp 2 

Vpp Supply Current 

V PP =13.0V 

- 


50 

mA 

V ID 

A9 Auto Selec. Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C C=6.25+0.25V, Vp P =i 2 .75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

us 

t AH 

Address Hold Time 

- 

2 

- 

- 

us 

t CES 

CE Setup Time 

- 

2 

- 

■ 

us 

t CEH 

CE Hold Time 

- 

2 

- 

s 

US 

t DS 

Data Setup Time 

- 

2 

- 


us 

t DH 

Data Hold Time 

- 

2 

- 

- 

us 

C VS 

V PP Setup Time 


2 

- 

- 

us 

t PW 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

r OE 

OE to Output Valid 

- 

- 

- 

100 

ns 

t DF2 

OE to Output in High-Z 

CE= V IL 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and CpClOOpF) 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul¬ 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 


ERASURE CHARACTERISTICS] 

The TC5710OOD/TC571OO1D's erasure is achieved by applying shortwave ultraviolet 
light which has a wavelength of 2537A (Angstroms) to the chip through the trans¬ 
parent window. Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure 
time [sec.]) for erasure should be a minimum of 15 [W* sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yW/cm 2 ] 
will reduce the exposure time to about 20 minutes. (In this case, the integrated 
dose is 12000 [yW/cm 2 ] x (10 * 60) [sec] = 15 [W • sec/cm 2 ].) 

The TC571000D/TC571001D’s erasure begins to occur when exposed to light with 
wavelength shorter then 4000A. The sunlight and the flourescent lamps will include 
3000v 4000A wavelength components. Therefore when used under such lighting for 
extended periods of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - 
are available. 


1 OPERATION INFORMATION! 

The TC571000D/TC571001D 1 s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


READ 

Read 

PGM 

H 

CE 

L 

OE 

L 

Vpp 

V CC 

00 % 07 

Data Out 

POWER 

Active 

OPERATION 

Output Deselect 

* 

* 

E 

5V 

5V 

High 

Impedance 

(Ta=-40 'u 85°C) 

Standby 

* 

H 

k 



High 

Impedance 

Standby 

PROGRAM 

OPERATION 

Program 

L 

L 

H 



Data 

In 


Program Inhibit 

* 

H 

* 

12.75V 

6.25V 

High 

Impedance 

Active 

(Ta=25±5° C) 

H 

L 

H 

High 

Impedance 


Program Verify 

H 

L 

L 



Data 

Out 



Note: H; V IR , L; V IL , *; V IH or V IL 
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JD-15, -20, -200, -25 
TC5710010-1 5, -20, -200, -25 


Iread hope] 

The TC571000D/TC571001D has three control functions. The chip enable (CE) controls 
the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 
independent of device selection. 

Assuming in that CE=OE=ViL and PGM=Vjh, the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t^p) is equal to the address access time (t^cc)- 

Assuming that CE=Vjl, PGM=Vand all addresses are valid, the output data is valid 

at the outputs after tQ£ from the falling edge of OE. 

And assuming that CE=OE=V IL and all addresses are valid, the output data is valid 
at the outputs after tpQM from the rising edge of PGM. 


{OUTPUT DESELECT MODE 

Assuming that CE=Vpp or 0E=Vpp, the outputs will be in a high impedance state. 

So two ormore ROMs can be connected together on a common bus line. 

When CE" is decoded for device selection, all deselected devices are in low power 
standby mode. 


(STANDBY MODE 

The TC571000D/TC571001D has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC571000D/TC571001D is placed in the 
standby mode which reduce the operating current to lOOyA by applying MOS-high level 
(V C c) and then the outputs are in a high impedance state, independent of the OE inputs. 


(PROGRAM M0D~Ej 

Initially, when received by customers, all bits of the TC571000D/TC571001D are in the 
”1" state which is erased state. 

Therefore the program operation is to introduce "0's" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC571000D/TC571001D can be programmed 
any location at anytime-either individually, sequentially, or at random. 
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TC5710OOD-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 


PROGRAM VERIFY HOPEI 

The verify mode is co check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vjl and PGM at V IH- 


1 PROGRAM "INHIBIT MODE! 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC571000D/TC571001D from being programmed. 
Programming of two or more EPROMs in parallel with different data is easily ac¬ 
complished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired device 
only and TTL high level signal is applied to the other devices. 


1 HIGH SPEED PROGRAM OPERATIONS 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vqq= 6.25V and PGM=Vpjj. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program operates 
correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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TC5710OOD-15, -20 
TC571001D-15, -20 


START 


ADDRESS 


READ : ONE BYTE. 


ADDRESS 


LAST 

ADDRESS ? 


READ 

ALL BYTES 


HIGH SPEED PROGRAM OPERATION 
FLOW CHART 


V cc - 6.2 5 + 0.2 5 V 

V pp - 1 2.75±0.2 5V 


START ADDRESS 


PROGRAM : TPW- 0.1ms 


NEXT ADDRESS 


Vpp = 5V 












TC5710OOD-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 


'ELECTRIC SIGNATURE MODE] 

Electric signature mode allows to read out a code from TC571000D/TC571001D which 
identifies it’s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571000D/TC571001D by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
V-rp. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC571000D/TC571001D. 


-PINS 

SIGNATUPvE 

A0 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

TC571000D 

VlH 

1 

0 

0 

0 

0 

1 

1 

0 

86 

TC571001D 

0 

0 

0 

0 

0 

1 

1 

1—1 

07 


Notes: A9=12V±0.5V 

A1^A8, A10 'v A16 , CE, 0E=ViL 
PGM=Vih 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 


I OUTLINE DRAWIHGSI 


Unit in mm 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.32 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC571024D-15, TC571024D-200 
TC571024D-20 

[description] 

The TC571024D is a 65,536 word x16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC571024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC571024D is fabricated with the CMOS technology. Advanced circuit techniques pro¬ 
vide both high speed and lowpower features with a maximum operating current of 40mA/ 
6.7MHz- and access time of 150ns/200ne. 

The programming times of the TC571024D except overhead times of EPROM programmer 
is only 7 seconds by using the high speed programming algorithm. 


FEATURES 

• Peripheral circuit: CMOS 


Memory cell : N-MOS 

• East access time 



TC571024D-15 

TC571024D-20 

TC571024D-200 

Ta 

0 v 70°C 

-40v 85°C 

V CC 

5V±5 % 

5V±10% 

c ACC 

150ns 

200ns 


iPIN CQUHECTIOM1 (top VIEW) 


Low power dissipation 

Active : 40mA/6.7MKz 
Standby: lOOyA 

Single 5V power supply 

Full static operation 

High speed programming operation: 

tpw 0.1ms 

Input and output TTL compatible 
JEDEC standard 40 pin: TC571024D 
Standard 40 pin DIP cerdip package 


v??ri 



Spin names 1 

A0 ^ A15 

Address Inputs 

DO ^ D15 

Outputs (Inputs) 

CE 

Chip Enable Input 

0E 

Output Enable Input 

PGM 

Program Control Input 

V CC 

VCC Supply Voltage 

Vpp 

Program Supply Voltage 

V SS 

Ground 

N.C. 

No Connection 
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TC571024D-15, TC5710240-200 

TC571024D-20 


I BLOCK DIAGRAM! 


Vpp GND V cc Oq 0]_ Og O 3 0 4 0 5 Og 07 Og Og OlO °11 0 12°13 0 i4°15 



1 MODE SELECTION 



CE 1 OE 

1 

PGM 

Vpp 

Vcc 

Dq d 15 

POWER 

Read 

L 

L 

H 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

* 

High Impedance 

Standby 

H 

JL 

* 

High Impedance 

Standby 

Program 

L 

* 

L 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

H 

* 


High Impedance 

L 

H 

H 

Program Verify 

L 

L 

H 

Data Out 


* H or L 


|MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Vcc Power Supply Voltage 

-0.6 ^ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 * 14.0 

V 

VlN 

Input Voltage 

-0.6 ^ 7.0 

V 

V IN (A9) 

Input Voltage (A9) 

-0.6 v 13.5 

V 

vi/o 

Input/Output Voltage 

-0.6 ^ Vcc+0.5 

V 

P D 

Power Dissipation 

1.5 

W 

T SOLDER 

Soldering Temperature Time 

260 • 10 

°C*sec 

t strg 

Storage Temperature 

-65 ^ 125 

°C 

t opr 

Operating Temperature 

-40 ^ 85 

°c 
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TG571024D-15, TC571024D-200 
TC571024D-20 


READ OPERATION! 

AC/DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC571024D-15 

TC571024D-20 

TC571024D-200 

Ta 

Ambient Temperature 

0 v 70°C 

-40v 85°C 

V CC 

Vqq Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

V CC -0.6V vv cc +0.6V 

V qq— 0.6V v V qq+0.6V 


D.C. and OPERATING CHARACTERISTICS 


CJVM30L 

PARAMETER 

TEST CONDITION | MIN. 

TYP. 

MAX. | UNIT 

-LI 

Input Current 

v IN -o ^ v cc 

- 

- 

i+ 
i—* 
o 

pA 

I CC01 

Operating Current 



- 

- 

40 

mA 

I CC02 

^-cycle A’M s 

- 

- 

20 

I CCS1 

Standby Current 

ce-v ih 

- 

- 

1 

mA 

I CCS2 

CE=V C c-°.2V 

- 

wm 

100 

pA 

! V IH 

Input High Voltage 


2.2 

■ 



Vjl | Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

Vqh | Output High Voltage 


2.4 

i 

V 

Vqt | Output Low Voltage 

I OL =2 ' lmA 

- 

- 

0.4 

V 

I Dpi 

^'PP Current 

Vpp = V qqxO.6V 

- 

- 

±10 

PA 

±L0 | Output Leakage Current 

v out = 0 - 4v% v cc 

- 

- 

±10 

pA 


A C. CHARACTERISTICS (Vpp=Vcc±Q. 6V) 


SYMBOL 

PARAMETER 

TC571024D-15 

TC571024D-200/-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

-ACC 

Address Access Time 

- 

150 

- 

200 


t CE 

CE to Output Valid 

- 

150 

- 

200 


t 0E 

OE to Output Valid 

- 

70 

- 

70 

ns 

t DFl 

CE to Output in High-Z 

0 

60 

0 

60 

TDF2 

OE to Output in High-Z 

0 

60 

0 

60 


t 0H 

Output Data Hold Time 

0 

- 

0 

- 



A.C. TEST CONDITIONS 

Output Load : 1 TTL Gate and Cp=100pF 

Input Pulse Rise and Fall Times : 10ns Max. 

Input Pulse Levels : 0.45V to 2.4V 

’'Timing- Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571024D-15, TC571024D-200 
TC571024D-20 


HIGH SPEED PROGRAM OPERATION 


D c C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

v cc 

Vqq Power Supply Voltage 

6.00 

6.25 

6.50 

Ypp 

Vpp Power Supply Voltage 

12.50 

12.75 

13.00 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6. 25±0.25V, V PP «12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V'lN=0 ^ Vcc 

- 

- 

±10 

yA 

V 0H 

Output High Voltage 

IOH=-400pA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

IOL=2.1mA 

- 

- 

0.4 

V 

X CC 

Vcc Supply Current 

- 

- 

- 

40 

mA 

I'D 15 2 

Vpp Supply Current 

Vdp=13.OV 


- 

100 

mA 


SYMBOL | PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

r AS 

Address Setup Time 


2 


- 

ys 

tiD 

Address Hold Time 


2 

- 


ys 

1 -CES 

CE Setup Time 


2 

- 

- 

ys 

-CEE 

CE Hold Time 

- 

2 

- 

- 

ys 

^S 

Data Setup Time 

- 

2 

- 


ys 

t DH 

Data Hold Time 

- 

2 


- 

ys 

r VS 


- 

2 

- 

- 

ys 

T PU 


- 

0.095 

0.1 

0.105 

ms 

t 0E 

OE to Output Valid 


- 

- 

500 

ns 

t DF2 

OE to Output in High-Z 

0E=Vil 

- 

- 

150 

ns 

t 0ES 

OE Setup Time 

- 

2.0 

- 

- 

ys 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L (lOOpF) 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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71024 

TC571024D-20 




HIGH SPEED PROGRAM OPERATION 


TIMING CHART 


— 

| C DF2 


1 L- 





I>OUT VALID 


1. Vqq nust be applied simultaneously or before Vpp and cut off simul¬ 
taneously or after Vpp. 

2. E.emoving the device from socket and setting the device in socket wi: 
Vpp=12.75V may cause permanent damage to the device. 


3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
















TC571024D-15, TC571024D-200 
TC571024D-20 


ERASURE CHARACTERISTICS! 

The TC571024D erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure time [sec.]) 
for erasure should be a minimum of 15 [W* sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 
minutes. And using commercial lamps whose ultraviolet light intensity is a 12000 
[yW/cnh] will reduce the exposure time to about 20 minutes. (In this case, the 
integrated dose is 12000 [uW/cm 2 ] * (20 * 60) [sec] 2 15 [W • sec/cm 2 ].) 

The TC571024D erasure begins to occur when exposed to light with wavelength shorter 

0 o 

than 4000A. The sunlight and the flourescent lamps will include 3000 v4000A wave¬ 
length components. Therefore when used under such lighting for extended periods 
of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 


OPERATION INFORMATION 


The TC571024D six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 




m 

OE 

PGM 

Vpp 

v cc 

DO 'v. D15 

POWER 

READ 

OPERATION 

Read 

L 

L 

H 

5V 

5V 

Data Out 

Active 

Outnut Deselect 

* 

H 

D 

Sign Impedance 

Standby 

H 

n 

n 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta=25±5°C) 

Program 

L 


L 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

H 


n 

High Impedance 

L 

H 

H 

Program Verify 

L 

L 

K 

Data Out 


Note: R; V IH , L; V IL , *; V IH or V IL 
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TC571024D-15, TC571024D- 
TC571024D-20 


IREAD MODE! 

The TC571024D has three control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming in that CIT=OE=Vil and PGM=l 7 iH> the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t^cc)• 

Assuming that CE=Vjl, PGM=Vih and all addresses are valid, the output data is valid 
at the outputs after tQ£ from the falling edge of OZ. 


[OUTPUT DESELECT MODE] 

Assuming that CE=Vjjj or OE=Vjg, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

[standby mode! 

The TC571024D has a low power standby mode controlled by the CrT signal. 

By applying a high level to the CE input, the TC571024D is placed in the standby 
mode which reduce the operating current to iOOuA by applying MOS-'nigh level (Vqq) 
and then the outputs are in a high impedance state, independent of the OE inputs. 


[PROGRAM MODE| 

Initially, when received by customers, all bits of the TC571021D are in the ”1" 
state which is erased state. 

Therefore the program operation is to introduce "0's" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC571024D can be programmed any 
location at anytime-either individually, sequentially, or at random. 
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TC5710240-15, TC571024D-200 
TC571024D-20 


PROGRAM VERIFY MODE! 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vpp and PGM at Vjjj* 


! PROGRAM INHIBIT MODE) 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC571024D from being programmed. 
Programming of two or more EPROMS in parallel with different data is easily 
accomplished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAM OPERATION | 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vqc= 6.25V and PGM=Vrg. 

The programming is achieved by applying a single TTL low level 0.1 ms pulse the ?GM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with VgQ=Vpp=5V. 
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TC571024D-15. TC571024D-200 
TC571024D-20 


! ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC571024D which identifies 
it’s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571024D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up 'when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to V IH . These two codes possess an odd parity with the parity bit of (O 7 ). 

The following table shows electric signature of TC571024D. 


PINS 

SI GNATURE 

AO 

°15 

°14 

°13 

°12 

On 

°10 

°9 

CO 

0 

o 7 

06 

05 

04 

03 

o 2 

1—l 

O 

o 0 

BBjB 


V IL 

| " 

DB 


* 

* 

* 

* 

1 

0 

0 

_ 

1 

1 

0 

0 

0 

■ 

Device Code 

VlH 

B 

a 


B 


* 

H 

B 

D 

D 

B 

B 

B 

B 

B 

B 



Notes: A9-12V+0.5V, Al^A 8 , A10^A15, CE, OE=Vjl, PGM«Vxk *: Don't Care 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V ID 

A.9 Auto Select Voltage 

11.5 

12.0 

12.5 

V 
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OUTLINE DRAWINGS 


Note 1 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No.40 
leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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QC 

Q. 

LU 

111 

U. 
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TOSHIBA MOS MEMORY 



PRELIMINARY 


TMM28257P-20, TMM28257P-25 
TMM28257P-30 


TMM28257P is a 32,768 word x 8 bit electrically chip erasable and programmable read 
only memory, and molded in a 28 pin standard plastic DIP. 

The TMM28257P's access time is 200ns/250ns/300ns, and has low power standby mode which 
reduces the power dissipation without increasing access time. 

The electrical characteristics are the same as U.V.EPROM TMM27256D's. For program 
operation, the programming is achieved by using the high speed programming mode. 

The TMM28257P has an electrically chip erasing mode which can erase whole bits at the 


EATl'PES! 

Fast access ' irr.e: 1MM28257 P-20 

TMM28257P-25 25 bn;. 

TMM28257 P-30 300ns 

Low power dissipation 
Active : 100mA 
Standby: 25mA 


* Full static operation 

* High speed programming mode 

■ Electrical]y chip erasing mode 

* Inputs and outputs TTL compatible 

* Pin compatible with MASK ROM TC53257P, 

TMM23256P, EPROM TMM27256D and TC57256D 

* Standard 28 pin DIP plastic package 


[PIN CONNE 

Vpp c i 
A12 £ 2 
A7 r 3 


BLOCK DIAGRAM 


(TOP VIEW) 

28 ]Vqq 
27 ]A14 
25 ]A13 
25 ]A8 
24 ]A9/ERS 
23 ]All 
22 ]OE 
21 ] A10 
20 3'CE 


.ira s e 
circuit 


H.V. 

De tec tiou 
c i rcuit 


CE OE 
circuit 


Column 
Decoder 


Output Buffers 



Column 

l/O circuit 


A9/ERS 0 — 1 — 


Address 
Bu ffor 


ROW 

Decoder 


Memory Cell 
Array 
3 2,7 6 8X8 


PIN NAMES] _ 

AO^AIA Address Inputs 
00 r, 07 Output (Input) 

Pp Chip Enable 
^ | Input _ 

wf Output Enable 
utl Input_ 

■ „. Address And 
A9/ERS Erase Control 
_ jlnput _ 

'Program And 
7pp Erase Power 

Supply Voltage 

y VCC Power 

Supply Voltage 


Ground 


MODE SELECTION 


Pin 

Mode 

CE 

OE 

Read 

L 

L 

Output Deselect 

k 

H 

Standby 

H 

* 

Program 

L 

H 

Program Inhibit 

H 

A 

Program Verify 

L 

L 

Chip Erase 

L 

H 

Chip Erase Inhibit 

H 

* 


21V 6V 


12V 21V 5V 


A0vA8 

(10VL4) 

00 d 07 

Power 

* 

Data Out 

Ac tiv e 

* 

High Impedance 


A 

High Impedance 

Standby 

* 

Data Input 

High Impedance 


k 

Active 

A 

Data Out 


* 

Data FF (II) Input 


* 

High Impedance 

i. 1'-W X V X- 












READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Vqq Power Supply Voltage 

-0.6 'v, 7.0 

V 

v PP 

Program Supply Voltage 

-0.6 ^ 22.0 

V 

VlN 

Input Voltage 

-0.6 ^ 7.0 

V 

v I/0 

Input/Output Voltage 

-0.6 ^7.0 

V 

P D 

Power Dissipation 

1.5 

w 

t solder 

Soldering Temperature • Time 

260 • 10 

°C•sec 

I 

Storage Temperature 

-65 ^125 

°C 

t opr 

Operating Temperature 

0^ 70 

°C 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v cc 

V cc Power Supply Voltage 


5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 


V CC 

Vcc+0.6 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=0'W0°C, V CC =5V±5%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v i N =o^ v cc 

- 

- 

±10 

pA 

I CC1 

Supply Current (Standby) 

CE=Vi H 

- 

- 

25 

mA 

I CC2 

Supply Current (Active) 

ce=v il 

- 

- 

100 

mA 

V OH 

Output High Voltage 

■^0H =— AOOpA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

T0L =2 - lrnA 

- 

- 

0.4 

V 

TpPl 

Vpp Current 

V pp = 0 VQ£“P0.6 

- 

- 

±2 

mA 

I LO 

Output Leakage Current 

V OUT =0 -^ V CC 

- 

- 

±10 

PA 
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This parameter is periodically sampled and is not 1004 tested 


TIMING WAVEFORMS (READ) 


l DATA OUTPUTS 


HIGH Z 


A.C. CHARACTERISTICS (Ta=0'W0°C, V C c=5V±5%, Vpp=2.0V^ Vcc+0.6V) 


A.C. TEST CONDITIONS 


Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45V ^2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

-20 

-2 

5 

-30 

UNIT 

MIN. 


MIN. 

MAX. 

t ACC 

Address Access Time 

CE=0E=Vil 

- 


- 

250 

- 

300 

ns 

c CE 

CE to Output Valid 

OE=Vil 

- 


250 

- 

300 

ns 

CT 

o 

M 

0E to Output Valid 

ce=v il 

- 

70 

- 

100 

- 

100 

ns 

t DFl 

CE to Output in High-Z 

OE=Vil 

0 

60 

0 

90 

0 

90 

ns 

t DF2 

OE to Output in High-Z 

CE=Vil 

0 

60 

0 

90 

0 

90 


t OE 

Output Data Hold Time 

ce=oe=v il 

0 

- 

0 

- 

0 

- 

ns 


MIN. TYP. MAX. UNI 


PARAMETER 


TEST CONDITION 


Input Capacitance 


V 0 UT =0V 


Output Capacitance 


■5 






























































SYMBOL 


MAX. 

UNIT 

Vcc+1.0 

V 

0.8 

V 

6.25 

V 

21.5 

V 


PARAMETER 

MIN. 

Input High Voltage 

2.0 

Input Low Voltage 

-0.3 

V CC Power Supply Voltage 

5.75 

V PP Power Supply Voltage 

20.5 


D.C. AND OPERATING CHARACTERISTICS (Ta=0^70°C, V CC =6V±0.25V, V PP =21V±0.5V) 



SYMBOL 

PARAMETER 

ILI 

Input Current 

V 0H 

Output High Voltage 

V 0L 

Output Low Voltage 

I CC 

Vqq Supply Current 

Ip P2 

V pp Supply Current 


TEST CONDITION 


v IN“0^ V CC 


IOH =- AOOyA 


I OL =2 - lmA 


V PP =21.5V 



MAX. UNIT 



A.C. PROGRAMMING CHARACTERISTICS (Ta=0^70°C, V C c=6V±0.25V, V PP =21V±0.5V) 


SYMBOL 



PARAMETER 


Address Setup Time 


Address Hold Time 


CE Setup Time 


CE Hold Time 


OE Setup Time 


OE Hold Time 


Data Setup Time 


Data Hold Time 


V pp Setup Time 


Initial Program Pulse Width 


Overprogram Pulse Width 


CE to Output Valid 


CE to Output in High-Z 


TEST CONDITION 


MIN. TYP. MAX. UNIT 



Note 1 


OE=V IL 


oe=v il 


A.C. TEST CONDITIONS 


• Output Load : 1 TTL Gate and Cp (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V'x, 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TMHIZ8257 P-20, TMM28257P-25 
TMM28257P-30 


TIMING WAVEFORMS (PROGRAM) 
(V C c=6V ± 0.25V, V pp =21V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=21V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation. 
So the voltage over 22V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 22V. 


H-7 








ERASE OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS ____._ 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 


^IH Input High Voltage 2.0 - Vqq+1.0 V 

^IL Input Low Voltage -0.3 - 0.8 V 


v cc 

Vqq Power Supply Voltage 

4.75 

5.0 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

ps 

21.0 

21.5 

V 

V IHH 

Input High Voltage H 

BUB 

12.0 

12.5 

V 


New Erase Write Endurance 100 cycles 


D.C. AND OPERATING CHARACTERISTICS (Ta= 0 'W 0 °C, V C c=5V+0.25V, 



SYMBOL 

PARAMETER 

TEST CONDITION 

ILI 

Input Current 

v IN=0 -v V cc 

I LIE 

A9/ERS Input Current 

A9 /ERS=0 % Vppp 

ICC 

V^c Supply Current 

- 

IpP2 

Vpp Supply Current 

V pp =21.5V 



MAX. 

UNIT 

±10 

PA 

±10 

hA 

100 

mA 

30 

mA 



A.C. ERASING CHARACTERISTICS (Ta= 0 W 0 °C, V CC =5V+0.25V, V PP = 21 V+ 0 .5V) 


SYMBOL 

PARAMETER 

c CES 

CE Setup Time 

t CEH 

CE Hold Time 

t OES 

OE Setup Time 

c 0EH 

OE Hold Time 

t DS 

Data Setup Time 

t DH 

Data Hold Time 

C VS 

V PP Setup Time 

C VH 

Vpp Hold Time 

l ES 

A9/ERS Setup Time 

t EH 

A9/ERS Hold Time 

fc EW 

Erase Pulse Width 

C DF1 

CE to Output in High-Z 


TEST CONDITION 


MIN. TYP. MAX. UNIT 



CE=V il ,OE=V ih ,A9=V ihh 950 1000 


ms 


150 ns 


Input Pulse Rise and Fall Time: 10ns Max. 
Input Pulse Levels: 0.45V^2.4V 
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TMM28257P-20, TMM28257P-25 

TMM28257P-30 


Pin 

Mode ~ -— 

CE 

OE 

A9 

Vp P 

V CC 

00 ^ 7 

Power 

Read 

Operation 

Read 

L 

L 


1 

5 V 

Data Out 

Active 

Output Deselect 

* 

H 

1 

High Impedance 

Standby 

a 


s 

High Impedance 

Standby 

Program 

Operation 

Program 


H 

■ 

Bj 

GV 

Data In 

Active 

Program Inhibit 

H 

m 

i 

High Impedance 

Program Verify 

m 

L 

* 

Data Out 

Erase 

Operation 

Erase 

a 

H 

12V 

21V 

5V 

Data FF(H) Input 

Active 

Erase Inhibit 

i 

m 

High Impedance 


Note: H; V IH , L; V IL , *; V IH or V IL 

READ MODE 

The TMM28257P has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (CE) control the output buffers, independent of device selection. 

__ \ 

Assuming that CE=OE=Vj L , the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output valid (t(]g) is equal to the address access time (t^cc) • 

Assuming that CE^Vjl and all addresses are valid, the output data is valid at the 
outputs after tQg from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vj^ or OE=Vjj|, the outputs will be in a high impedance state. 

So two or more TMM28257P's can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM28257P has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TMM28257P is placed in the standby mode which, re¬ 
duce the operating current to 25mA from 100mA (about 75% reduction) by applying MOS- 
high level (Vqq) and then the outputs are in a high impedance state, independent of 
the OE inputs. 
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TMM28257 P-20, TMM28257P-25 
TMM28257P-30 


PROGRAM MODE 

Initially, when received by customers, all bits of the TMM28257P are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce "0's" data into the desired bit 
locations by electrically programming. 

The TMM28257P is in the programming mode when the Vpp input is at 21V and CE is at 
TTL-Low under OE=Vppj. 

The TMM28257P can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vpp. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+21V) is applied to Vpp terminal, a 
high level CE input inhibits the TMM28257P from being programmed. 

Programming of two or more TMM28257P's in parallel with different data is easily 
accomplished. That is, all inputs except for CE may be commonly connected, and a 
TTL low level program pulse is applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. 
The device is set up in the high speed programming mode when the programming voltage 
(+21V) is applied to the Vpp terminal with Vqq=6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 20 times). 
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After correctly programming the selected address, the additional program pulse with 
width equal to that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vqc=Vpp=5V. 

This high speed program algorithm allows the programming of the TMM28257P to be 
accomplished without one and a half minutes (Typ.). 

CHIP ERASE MODE 

The TMM28257P is in chip erase mode when the Vpp input is 21V and CE is at TTL-Low 
level under the condition of A9=12V, OE=Vjh and Data inputs=Vpy. The chip erase 
pulse width is only 1 sec. 

Once chip is erased, all bits of the device are in "1" state. 

ERASE INHIBIT 

Under the condition that the erase voltage (21V) is applied to Vpp terminal and 12V 
is to A9 input, TTL-High level CE input inhibits the TMM28257P from being erased. 





HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS= OVERPROGRAM X PULSES OF 1msec 

NEXT ADDRESS OR ONE PULSE OF Xmsec DURATION 
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TOSHIBA 


HIGH SPEED PROGRAMMING MODE 
FEATURES 

The High Speed Programming i or High Speed 
Programming II Algorithms may be used to program 
64K through 512K devices. The 1 MEGABIT devices 
may be programmed using the High Speed Pro¬ 
gramming II Algorithm. 


The High Speed Programming I Algorithm uses 
1ms programming pulse and the flow chart is shown 
in Figure 1. 

The High Speed Programming II Algorithm uses 
0.1ms programming pulse and the flow chart is 
shown in Figure 2. 


APPLICABLE DEVICES 


Device 

Name 

Theoretical Programming Time 

EPROM 

One Time PROM 

1 

II 

TMM2764AD/ADI 

TMM2464AP/AF 

33 sec 

0.8 sec 

TMM271 28AD/ADI 

TMM241 28AP/AF 

66 sec 

1.7 sec 

TMM27256AD/ADI/BD/BDI 

TMM24256AP/AF/BP/BF 

131 sec 

3.3 sec 

TC57256AD 

TC54256AP/AF 

131 sec 

3.3 sec 

TMM2751 2D/DI/AD/ADI 

TMM2451 2P/F/AP/AF 

262 sec 

7.0 sec 

TC571 GOOD 

TC541000P 

N/A 

14 sec 

TC571001 D 

TC541001 P 

N/A 

14 sec 


IDENTIFICATION MODE 

The identification mode allows the reading of an electrical signature from the device that will identify the 
manufacturer and device type. The identification mode is activated using the following conditions: 

1. For the Manufacturer Code: 

Set A9 = 12V±0.5V, A0=ViL, Other Addresses=ViL. 

Note: The manufacturer code is consistent with the E.I.A. standard. 

2. For the Device Code: 

Set A9 = 12V±0.5V, A0=ViH, Other Addresses=ViL. 

Note: The Device Code is manufacturer dependent. 

The following table shows the Electrical Signatures of Toshiba devices. 

ELECTRICAL DEVICES 


Device 

Name 

Signature 

EPROM 

One Time PROM 

Manufacture Code 

Device Code 

TMM2764AD/ADI 

TMM2464AP/AF 

98 

52 

TMM271 28AD/ADI 

TMM241 28AP/AF 

98 

D3 

TMM27256AD/ADI/BD/BDIC 

TMM24256AP/AF/BP/BF 

98 

54 

TC57256AD 

TC54256AP/AF 

98 

C4 

TMM27512D/DI/AD/ADI 

TMM24512P/F/AP/AF 

98 

15 

TC571000D 

TC541000P 

98 

86 

TC571001D 

TC541001P 

98 

07 
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Figure 1 

HIGH SPEED PROGRAM I FLOW CHART 
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6.25V + 0 25V 


ADRESS=START 


PROGRAM : tpw = 0.1ms 


READ : ONE BYTE 


ADRESS 

= NEXT ADDRESS 


OV for 512KEPROM 


during verification 


















TOSHIBA MOS MEMORY PRODUCTS 


TMM2464AP/AF 8,192 WORD X 8 BIT 
ONETIME PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 


TM M2464AP/AF 


DESCRIPTION 

The TMM2464AP/AF is a 8,192 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. 

The TMM2464AP/AF's access time is 200ns, 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 


The electrical characteristics and programming 
method are the same as U. V. EPROM TMM- 
2764AD's. 

Once programed, the TMM2464AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 


FEATURES 

• Single 5 volt power supply 

• Fast access time: 200ns (Max.) 

• Power dissipation : 1 OOmA(active current) Max. 

: 30mA(standby current) Max. 

• Low power standby mode : CE_ 

• Output buffer control : OE 

• Full static operation 


• High speed programming mode 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Compatible with TMM2764AD and ROM 
TMM2365P, TC5365P. 

• 28 PIN standard plastic package: TMM2464AP 

• 28 PIN flat package : TMM2464AF 


PIN CONNECTION (TOP VIEW) 


Vpp[ 
A12 [ 
A7[ 

A 6 [ 

A5 [ 

A 4 [ 

A3 [ 

A2 [ 8 
A1 C 9 
AO ClO 
00 til 
01 C 12 

02 113 
GND C14 


28 3Vcc 

26 ]N.C. 
251 A8 
24 ] A9 
23]All 
22 ] OE 
21 ] A10 

20 JgE 

19 ] 07 
18 ] 06 
17 ] 05 
16] 04 
15] 03 


PIN NAMES 


A 0 A! 2 

Address Inputs 

o 0 ~o 7 

Outputs (Inputs) 

CT 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

N.C. 

No Connection 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


BLOCK DIAGRAM 


V pp GND V oc 00 01 02 03 04 05 06 07 



MODE SELECTION 


.. PIN 

MODlT\. 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

0) 

Vcc 

(28) 

o 0 ~o 7 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 



Data Out 

Active 

Output 

Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

L 

L 

* 



Data In 


Program 

* 

H 

* 

12.5V 

6V 

High Impedance 

Active 

Inhibit 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 



Data Out 



* FI or L 

- 1-7 










TMM2464AP/AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6-7.0 

V 

Vout 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

"C-sec 

Tstrg. 

Storage Temperature 

— 55—1 50 

•c 

Topr 

Operating Temperature 

o 

) 

o 

*C 



READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+ 1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

2.2 

Vcc 

Vcc + 0.6 


D. C. and OPERATING CHARACTERISTICS (Ta = 0~70°C, Vcc=5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin = 0 — Vcc 

- 

- 

±10 


Icci 

Supply Current (Standby) 

i 

> 

, ll 

LU 

lu 

- 

- 

30 


1 CC2 

Supply Current (Active) 

0| 

m 

II 

< 

- 

- 

100 

mA 

VoH 

Output High Voltage 

Ioh = —400^A 

2.4 

- 

- 

V 

Vol 

Output Low Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp= 0—Vcc+0.6 V 

- 

- 

±10 

4A 

Ilo 

Output Leakage Current 

Vout = 0.4V—Vcc 

- 

- 

±10 

//A 
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TMM2464AP/AF 


A. C. CHARACTERISTICS (Ta=0~70C. Vcc = 5V±5%, Vrr = 2.0V~Vcc + 0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

- 

200 

ns 

tCF 

CE to Output Valid 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

ns 

tPGM 

PGM to Output Valid 


70 

ns 

ton 

CE to Output in High-Z 

0 

60 

ns 

t.DF2 

OE to Output in High-Z 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl= 1 OOpF 
1 Ons Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25'C, f= 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

< 

z 

1! 

O 

< 

- 

4 

6 

pF 

COUT 

Output Capacitance 

Vout = OV 


8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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ROGRAMMING CHARACTERISTICS (Ta = 25±5C, Vcc = 6V+0.25V. Vi -12 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

- 

tAS 

Address Setup Time 

- 

2 

- 

tAH 

Address Hold Time 

- 

2 

- 


tCES 

CE Setup Time 

- 

2 

- 


tCEH 

CE Hold Time 

- 

2 

- 


tos 

Data Setup Time 

- 

2 

- 


tDH 

Data Hold Time 

- 

2 

•- 


tvs 

Vpp Setup Time 


2 

- 


tpw 

Program Pulse Width 


0.95 

1 .0 


tOP.W 

Additional Program Pulse Width 

Note 1 

2.85 

3.0 


tOE 

OE to Output Valid 

- 

- 

- 


tDF2 

OE to Output in High-Z 

> 

II 

LU 

lo 

- 

- 



A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci(IOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2,0V 


Note : 1 . topw depend on the program pulse width which is reguired in the initial program. 

















TMM2464AP/AF 


TIMING WAVEFORMS (HIGH SPEED PROGRAM) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 14V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V. 
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TMM2464AP/AF 


OPERATION INFORMATION 

The TMM2464AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In 


the read operation mode,-a single 5V power supply 
is required and the levels required for all inputs are 
TTL. 


--—__ PiN NAMES(NUMBER) 

MODE ..—— 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(D 

Vcc 

(28) 

o 0 o 7 

(11-13, 15-19) 

POWER 

Read Operation 

(Ta = 0—70”C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Active 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

Operation 
(Ta = 25±5°C) 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 

Program Verify 

H 

L 

L 

Data Out 

Active 


Note : H ; Vm, L ; Vil, * ; Vih or Vn 

READ MODE 

The TMM2464AP/AF has three control func¬ 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 

device selection. _ _ _ 

Assuming that CE = OE = Vil and PGM^Vih, the 
output data is valid at the outpus after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. So two or more 
TMM2464AP/AF can be connected together on a 

STANDBY MODE 

The TMM2464AP/AF has a low power standby 
mode controlled by the CE signal. By applying a TTL 
high level to the CE input, the TMM2464AP/AF is 
placed in the standby mode which reduce the oper- 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2464AP/AF from being 
programmed. Programming of two or more 
TMM2464AP/AF in parallel with different data is 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE = Vil, PGM^Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE = Vn and all addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


ating current from 100mA to 30mA, and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


T he ver ify is accomplished with OE and CE at Vil 
and PGM at Vih. 


easily accomplished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTLjow 
level program pulse is applied to the CE and PGM of 
the desired device only and TTL high level signal is 
applied to the other devices. 
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TMNI2464AP/AF 


HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (+12. 
5V) is applied to the Vpp terminal with Vcc=6V and 
PGM = Vih. The programming is achieved by apply¬ 
ing a single TTL low level 1ms pulse the PGM input 
after addresses and data are stable. Then the pro¬ 
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then program- 


ELECTRIC SIGNATURE M.ODE 

Electric signature mode allows to read out a code 
from TMM2464AP/AF which identifies its manufac¬ 
turer and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from TMM2464AP/ 
AF by using this mode before program operation and 
automatically set program voltage (Vpp) and algor¬ 
ithm. 

Electric signature mode is set up when 12V is 


med data is verified. This should be repeated until the 
program operates correctly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 


The High Speed Program II Algorithm (shown in 
figure 2, page 1-5) may also be used to reduce the 
programming time further. 


applied to address line A9 and the rest of address 
lines is set to Vn in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM2464AP/AF 


~~~~~—'— PINS 

A 0 

0 7 

0 6 

o 5 

0 , 

o 3 

0 2 

0, 

O 0 

HEX 

SIGNATURE ~ ~~~- 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(ID 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

0 

1 

0 

1 

0 

0 

1 

0 

52 


Notes: A9 = 12V±0.5V 

A1-A8, A10-A12, CE, OE = V,l PGM=Vih 
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12464AP/AF 


HIGH SPEED PROGRAM MODE FLOW CHART 
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2.541025 


Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal positson with 
respect No.1 and No.28 leads. 

This value is measured at the end of leads. 

All dimensions are in millimeters. 









TMNI2464AP/AF 


OUTLINE DRAWINGS (TMM2464AF) 


28 15 




Note : Lead pitch is 1.27 and tolerance is ±0.1 2 against theoretical center of each lead that is obtained on the basis of 
No. 1 and No.28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

® April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM24128AP/AF 16,384 WORD X 8 BIT 

ONE TIME PROGRAMMABLE READ ONLY MEMORY 

N CHANNEL SILICON STACKED GATE MOS 


TMM24128AP/AF 


DESCRIPTION 

The TMM241 28AP/AF is a 1 6,384 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic DIP. TMM241 28AP/AF's 
access time is 200ns, and has low power standby 
mode which reduces the power dissipation without 


increasing access time. The electrical characteristics 
and programming method are the same as U.V. 
EPROM TMM27128AD's. Once programed, the 
TMM24128AP/AF can not be erased because of 
using plastic DIP without transparent window. 


FEATURES 


• Single 5 volt power supply 

• Fast access time :200ns(Max.) 

• Power dissipation : 100mA(active current) Max. 

30mA(standby current) Max. 

• Low power standby mode : CE 

• Output buffer control : OE 

• Full static operation 

• High speed programming mode 


• Single location programming 

• Three state outputs 

• Inputs and outputs TTL compatible 

• Compatible with TMM27128AD and MASK ROM 
TMM23128P 

• 28 PIN standard plastic package: TMM24128AP 

• 28 PIN flat package : TMM24128AF 


PIN CONNECTION 


BLOCK DIAGRAM 


VppC 1 
AlZt 2 
A7 C 3 
A6 C 4 
A5 [ 5 
A4 f 6 
A3 t 7 
A2 t 8 
AlC 9 
AOt 10 
00 [ 11 
01 C 12 

02 t 13 
QNDt14 


'CC 


28 ] V c 
27 ] POM 
26]A13 
25 ] A8 
24] A9 
23 ] All 
22 ] OE 
21 I A10 
20 t CE 
19] 07 
18 106 
17 3 05 
16 1 04 
15 J03 


PIN NAMES 


Ao A] 3 

Address Inputs 

o 0 ~o 7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


V pl > GND V cc 00 01 0203 04 05 06 07 



MODE SELECTION 


' .. PIN 

MODf^\ 

PGM 

(27) 

CE 

(20) 

OE 

(22) 

Vpp 

(D 

Vcc 

(28) 

O 0 ~O 7 

(11-13, 15-19) 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

* 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program 

Verify 

H 

L 

L 

Data Out 


* H nr I 
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TMM24128AP/1AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 


Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6-7.0 

V 

VOUT 

Output Voltage 

-0.6-7.0 

V 

Po 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260-10 

°C-sec 

Tstrg. 

Storage Temperature 

-55-150 

•c 

Topr. 

Operating Temperature 

0-70 

"C 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


VlH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

_ 

Vcc 

Vcc+0.6 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 0~70’C. Vcc = 5V±5%, Unless otherwise noted) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin = 0—Vcc 

- 


±10 

aA 

Icci 

Supply Current (Standby) 

7 1 

< 

I 

- 


30 

mA 

1 CC2 

Supply Current (Active) 

CE = Vil 

- 

- 

100 

mA 

VOH 

Output High Voltage 

Ioh — —400//A 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

Iol= 2.1 mA 

- 

- 

0.4 

V 

1PP1 

Vpp Current 

Vpp = 0—Vcc + 0.6V 

- 

- 

±10 

aA 

ko 

Output Leakage Current 

Vout = 0.4V-Vcc 

- 

- 

±10 

//A 
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TMM24128AP/AF 


A. C. CHARACTERISTICS (Ta = 0~70C, Vcc=5V±5%, Vpp=2.0V~Vcc + 0.6V, Unless otherwise noted) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

- 

200 

ns 

tCE 

CE to Output Valid 

- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

ns 

tPGM 

PGM to Output Valid 

- 

70 

ns 

tDFI 

CE to Output in High-Z 

0 

60 

ns 

tDF2 

OE to Output in High-Z 

0 

60 

ns 

tDF3 

PGM to Output in High-Z 

0 

60 

ns 

tOH 

Output Data Hold Time 

0 

- 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl = 1 OOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25-C, f= 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

O 

1! 

z 

> 

- 

4 

6 

PF 

COUT 

Output Capacitance 

Vout^OV 

- 

8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 


VlH 

Input High Voltage 

2.0 

- 

Vcc+ 1 .0 

V 


VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 


Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 



D. C. and OPERATING CHARACTERISTICS (Ta = 25±5‘C, Vcc = 6V±0.25V, V PP = 1 2.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UN 

■ 

In 

Input Current 

< 

z 

II 

O 

f 

< 

o 

o 

- 

- 

±10 


\ 

Voh 

Output High Voltage 

Ioh — —400/^A 

2.4 

- 

- 

V 


Voi 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

■ 

■ 

Icc 

Vcc Supply Current 

- 

- 

- 

100 



1PP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 




A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5’C, Vcc = 6V±0.25V, V PP = 1 2.5V±0.5V) 



A. C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Ci(IOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V to 2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note : 1 . topw depend on the program pulse width which is reguired in the initial program. 
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MM24128AP/AF 


TIMING WAVEFORMS (HIGH SPEED PROGMAM) 


ADDRESSES 





Z3< 

_ __ 

X 

s 

Z AS 


L_Hah__ 

l 

7/m 


tCES 


^CEH 


_ / 

/ 

\ 

u_/ 

t 0E 




. \ / 

DIN "V 

7“ D 0UT H 



UMWUW 

_j Y 

STABLE^/ 

Kvalid 




^DS 

| | t DH t DF2| 

t DS _ 

1 . tDH 




T_] 

' 1 





__1_ 

\r 

tpw 


> 

t OPW 

/ 


* 

PROGRAM 

PROGRAM 

VERIFY 

PROGRAM 



T 

INITIAL PROGRAM 

ADDITIONAL PROGRAM 







e : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 1 4V for program operation, so the voltage over 1 4V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 1 4V. 








TMM24128AP/AF 


OPERATION INFORMATION 

The TMM241 28AP/AF's six operation modes are 
listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 


In the read operation mode, a single 5V power 
supply is required and the levels required for all 
inputs are TTL. 


MODE 

Read Operation 

(Ta = 0~70”C) 

PIN NAMES(NUMBER) 

Read 

PGM 

(27) 

H 

CE 

(20) 

L 

OE 

(22) 

L 

Vpp 

(D 

Vcc 

(28) 

O 0 ~O 7 

(1 1-13, 15-19) 

Data Out 

POWER 

Active 

Output Deselect 

* 

* 

H 

5V 

5V 

High Impedance 

Active 

Standby 

* 

H 

* 



High Impedance 

Standby 

Program 

Operation 
(Ta = 25±5°C) 

Program 

L 

L 

* 



Data In 

Active 

Program Inhibit 

* 

H 

* 

12.5V 

6V 

High Impedance 

Active 

H 

L 

H 

High Impedance 

Active 


Program Verify 

H 

L 

L 



Data Out 

Active 


Note : H ; Vih, L ; Vn, * ; Vih or Vn 


READ MODE 

The TMM241 28AP/AF has three control func¬ 
tions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 

device selection. _ _ _ 

Assuming that CE = OE = Vll and PGM~=Vih, the 
output data is valid at the output after address access 
time from stabilizing of all addresses. 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE^Vih, the outputs 
will be in a high impedance state. So two or more 
TMM24128AP/AF can be connected together on a 

STANDBY MODE 

The TMM241 28AP/AF has a low power standby 
mode controlled Joy the CE signal. By applying TTL 
high level to the CE input, the TMM241 28AP/AF is 
placed in the standby mode which reduce the oper- 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage ( + 
1 2.5 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM241 28AP/AF from be¬ 
ing programmed. Programming of two or more 
TMM24128AP/AF in parallel with different data is 


The CE to output valid (tcE) is equal to the address 

access time (tAcc)._ _ 

Assuming that CE = Vll, PGM=Vih and all ad¬ 
dresses are valid, the output data is v alid at the 
outputs after toE from the falling edge of OE. 

And assuming that CE = OE=Vn and addresses 
are valid, the output data is valid a t the outputs after 
tPGM from the rising edge of PGM. 


common bus line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


ating current from 100mA to 30mA, and then the 
outputs are in a hi gh im pedance state, independent 
of the OE and the PGM inputs. 


T he ve rify is accomplished with OE and CE at Vil 
and PGM at Vih. 


ea sily ac complished. That is, all inputs except for CE 
or PGM may be commonly connected, and a TTL lo w 
level program pulse is applied to the CE and PGM of 
the desired device only and TTL high level signal is 
applied to the other devices. 
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TMM24128AP/AF 


HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (+12. 
5V) is applied to the Vpp terminal with Vcc = 6V and 
PGM= Vih. The programming is achieve d by a ppiy- 
ing a single TTL low level 1ms pulse the PGM input 
after addresses and data are stable. Then the pro¬ 
grammed data is verified by using Program Verify 
Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro¬ 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM241 28AP/AF which identifies its manu¬ 
facturer and device type. 

The programming equipment may read out man- 
ufacturer code and device code from 
TMM24128AP/AF by using this mode before pro¬ 
gram operation and automatically set program volt¬ 
age (Vpp) and algorithm. 

Electric signature mode is set up when 1 2V is 


grammed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, one additional program pulse with pulse 
width 3 times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page 1-5) may also be used to reduce the 
programming time further. 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM241 28AP/AF. 


.______ PINS 

A 0 

o 7 

0 6 

o 5 

0, 

o 3 

0 2 

0, 

0„ 

HEX. 

SIGNATURE 

(10) 

(19) 

08) 

(17) 

(16) 

0 5) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

1 

1 

0 

1 

0 

0 

_L_u 

1 

D3 


Notes: A9=12V±0.5V 

A1-A8, A10-A13, CE, OE = Vn PGM=Vih 
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TMM24 


s'®" 


HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = OVERPROGRAM 3X PULSES OP 1msec 

NEXT ADDRESS OR ONE PULSE OP 3Xmsec DURATION 
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TMM24128AP/AF 


OUTLINE DRAWINGS (TMM24128AP) 


28 15 



Note : 1 . Each lead pitch is 2.54mm. All leads are located within 0.25rnm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TMM24128AP/AF 


OUTLINE DRAWINGS (TMM24128AF) 


28 15 


.i m r' 


) 

9.0 MAX. 

UUUUUUUUUUUUUL 

r 


1 14 


Unit in mm 



Note: Lead picth is 1.27 and tolerance is±0.1 2 against theoretical center of each lead that is obtained on the basis of 
No. 1 and No.28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 
c April, f987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM24256AP/AF 32,763 WORD X 8 BIT 

ONE TIME PROGRAMMABLE READ ONLY MEMORY 

SILICON STACKED GATE MOS 


TMM24256AP/AF 


DESCRIPTION 

The TMM24256AP/AF is a 32,768 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic Package. 

The TMM24256AP/AF's access time is 200ns 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 


The electrical characteristics and programming 
method are the same as U.V. EPROM 
TMM272.56AD's. 

Once programed, the TMM241 28AP/AF can not 
be erased because of using plastic DIP without 
transparent window. 


FEATURES 

• Fast access time : 200ns 

• Low power dissipation 

Active : 100mA 
Standby : 30mA 

• Single 5V power supply 

• Full static operation 

• High speed programming mode 


• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, 
TMM23256P, EPROM TMM27256D/AD and 
TC57256D 

• Standard28pin DIP plastic package : TMM24256AP 

• Plastic Flat Package : TMM24256AF 


PIN CONNECTION 


V PPC 1 
A12[ 2 

AvC 3 
A6C 4 
A5[ 5 
A4[ 6 
A3[ ? 
A2C 8 
Al[ 9 
A0[ 10 
00[ 11 
01[ 12 
02[ 13 
GND[ 14 


28 ] V CC 
27 ] A14 
26 3 A13 


] A8 
] A9 
3 All 
] OE 
3 A10 
3 CE 
3 07 
3 06 
3 05 
3 04 
3 03 


BLOCK DIAGRAM 


V PP OND v cc Oq 0} Ojj O3 0 4 0 5 % U? 



MODE SELECTION 


PIN NAMES 


a„~a, 4 

Address Inputs 

0o~0 7 

Outputs (Inputs) 

cF 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Vcc Supply Voltage ( + 5V) 

GND 

Ground 


PIN 

MODE\^ 

cF 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

O 0 ~O 7 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

H 

H 

High Impedance 

Program 

Verify 

* 

L 

Data Out 


* H or L 
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TC54256AP/AF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6-7.0 

V 

Vpp 

Program Supply Voltage 

-0.6-14.0 

V 

VlN 

Input Voltage 

-0.6-7.0 

V 

VoUT 

Output Voltage 

-0.6-7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

"C-sec 

Tstg. 

Storage Temperature 

-55-150 

°C 

Topr. 

Operating Temperature 

0-70 

°C 


READ OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

2.0 

Vcc 

Vcc+ 0.6 

V 


D. C. and OPERATING CHARACTERISTICS (Ta-0~70 C, Vcc = 5V±5%.) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

lu 

Input Current 

Vin = 0—Vcc 

- 

- 

±10 

aA 

Icci 

Supply Current (Standby) 

X 

> 

, 11 
LU 

lu 

- 

- 

30 

mA 

lcC2 

Supply Current (Active) 

Ol 

m 

II 

< 

- 

- 

100 

mA 

V OH 

Output High Voltage 

Ioh — —400//A 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 

0.4 

V 

1 PPt 

Vpp Current 

Vpp = 0 —Vcc+0.6 V 

- 

- 

±10 

aA 

Ilo 

Output Leakage Current 

Vout = 0.4V-Vcc 

- 

- 

±10 

aA 














TMM24256AP/AF 


A. C. CHARACTERISTICS (Ta=0-70‘C, Vcc=5V±5%. Vpp=2.0V~Vcc + 0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

CF=OE=Vil 

- 

200 

ns 

tCF 

CE to Output Valid 

> 

II 

|UJ 

lo 

! 

_1 

- 

200 

ns 

tOE 

OE to Output Valid 

CE — Vil 


70 

ns 

ton 

CE to Output in Pligh-Z 

°! 

m| 

11 

< 

L_ 

0 

60 

ns 

tOF2 

OE to Output in High-Z 

CE = Vil 

0 

60 

ns 

ton 

Output Data Hold Time 

CE = OE = Vil 

0 

- 

ns 


A. C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl = 1 OOpF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Tas'25'C, f=1MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 
O 1 

> 

- 

4 

6 

PF 

Cour 

Output Capacitance 

Vout = OV 

- 

_ 8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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TMM24256AP/AF 


HIGH SPEED PROGRAM OPERATION 

D. C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1 .0 

V 

VlL 

Input Low Voltage 

— 0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D. C. and OPERATING CHARACTERISTICS (Ta = 25±5“C, V CC =6V±0.25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 


lu 

Input Current 

< 

2 

II 

o 

1 

< 

o 

o 

- 

- 

±10 


VoH 

Output High Voltage 

Ioh — — 400/iA 

2.4 

- 

- 


VoL 

Output Low Voltage 

Iol-2 .1 mA 

- 

- 

0.4 

v S 

Icc 

Vcc Supply Current 

- 

- 

- 

120 


IpP2 

Vpp Supply Current 

Vpp= 13.0V 

- 

- 

50 


VlD 

Ag Auto Select Voltage 

- 

11.5 

12.0 

12.5 



A. C. PROGRAMMING CHARACTERISTICS (Ta = 25±5‘C, Vcc = 6V±0.25V, Vpf= 12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 


Address Setup Time 

- 

2 

- 




Address Hold Time 

- 

2 

- 



tCES 

CE Setup Time 

- 

0 

- 

- 


tCEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 

ATS 

tos 

Data Setup Time 

- 

2 

- 

- 

M S 

tDH 

Data Hold Time 

- 

2 

- 

- 

MS 

tvPS 

Vpp Setup Time t 

- 

2 

- 

- 

MS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

MS 

tpw 

Initial Program Pulse Width 

CE = Vn, OE = Vih 

0.95 

1 .0 

1 .05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tOE 

OE to Output Valid 

CE = Vih 

- 

- 

150 

ns 

tDFP 

OE to Output in High-Z 

CE = Vih 

- 

- 

130 

ns 


A. C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Ci(IOOpF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1 : The length of the overprogram pulse may very as a fumction of the counter value X. 
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TMM24256AP/AF 



TIMING WAVEFORMS(PROGRAM) 
(VCC = 6V±0.25V, Vpp = 12.5V±0.5V) 



Note : 1 . Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp= 12.5V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so the voltage over 1 4V should not be 
applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot voltage of its pulse should not 
be exceeded 14V. 
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TMM24256AP/AF 


OPERATION INFORMATION 

The TMM2.4256AP/AF's six operation modes are achieved by applying TTL level signal to all inputs, 
listed in the following table. Mode selection can be 


~~~----- PIN NAMES(NUMBER) 

MODE ~~~~ ———_ I 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

o 0 ~o 7 

(1 1—13, 15-19) 

POWER 

Read Operation 

(Ta = 0~70°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

Fligh Impedance 

Active 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta = 25±5"C) 

Program 

L 

H 

12.5V 

— 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Active 

Program Verify!' 

* 

L. 

Data Out 

Active 


Note : H ; Vih, L ; Vn, * ; Vih or Vn 


READ MODE 

The TMM24256AP/AF has two control func¬ 
tions. The chip enable (CE) controls the operation 
power and should be use d for device selection. 

The output enable (OE) control the output buffers, 
independent of device selection. 

Assuming the CE = OE = Vil, the output data is 
valid at the outputs after address access time from 

OUTPUT DESELECT MODE 

Assuming that CE = Vih or OE = Vih, the outputs 
will be in a high impedance state. So two or more 
TMM24256AP/AF's can be connected together on a 

STANDBY MODE 

The TMM24256AP/AF has a low power standby 
mode controll ed b y the CE signal. By applying a high 
level to the CE input, the TMM24256AP/AF is 
placed in the standby mode which reduce the oper- 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+_ 
1 2.5V) is applied to Vpp terminal, a TTL high level CE 
■nput inhibits the TMM24256AP/AF from being 
programmed. 

Programming of two or more TMM24256AP/ 
AF's in parallel with different data is easily accom- 


stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address 
access time (tAcc). _ 

Assuming that CE = Vil and all addresses are 
valid, the output data is valid at the outputs after toE 
from the falling edge of OE. 


common b us line. 

When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 


ating current to 30mA from 100mA (about 70% 
reduction) and then the outputs a re in a high 
impedance state, independent of the OE inputs. 


The verify is accomplished with OE at Vil and CE at 
Vih or Vil. 


plished. That is, all inputs except for CE and OE may 
be commonly connected, and_a TTL low level pro¬ 
gram pulse is applied to the CE of the desired device 
only and TTL high level signal is applied to the other 
devices. 
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TMM24256AP/AF 


HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed program¬ 
ming mode when the programming voltage (+12. 
5V) is applied to the Vpp terminal with Vcc~6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse the CE input after addresses 
and data are stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1ms is applied and then pro- 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TMM24256AP/AF which identifies its manu¬ 
facturer and device type. 

The programming equipment may read out man¬ 
ufacturer code and device code from 
TMM24256AP/AF by using this mode before pro¬ 
gram operation and automatically set program volt¬ 
age (Vpp) and algorithm. 

Electric Signature mode is set up when 1 2.V is 


grarnmed data is verified. This should be repeated 
until the program operates correctly (max. 25 times). 

After correctly programming the selected 
address, the additional program pulse with width 
equal to that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc = Vpp 
= 5V. 

The High Speed Program II Algorithm (shown in 
figure 2, page i-5) may also be used to reduce the 
programming time further. 


applied to address line A9 and the rest of address 
lines is set to Vil in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to Vih. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM24256AP/AF. 


~~~ --__ PINS 

SIGNATURE ~~-'——-___ 

Manufacture Code 

A„ 

(10) 

Vil 

o 7 

(19) 

1 

o 6 

(18) 

0 

Os 

(17) 

0 

0 4 

0 6) 

1 

o 3 

(15) 

1 

o 2 

(13) 

0 

0, 

(12) 

0 

0, 

(11) 

0 

HEX. 

DATA 

98 

Device Code 

Vih 

0 

1 

0 

1 

0 

1 

0 

0 

54 


Notes: .49= 12V±0.5V 

A1 -AS, A10-A14, CE, OE+Vn 
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TMM24256AP/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 
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Note: Lead picth is 1.27 and tolerance is±0.1 2 against theoretical center of each lead that is obtained on the basis of 
No.1 and No.28 leads. 


Note: Toshiba does not assume any responsibility for use of any circuitry described: no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 

® April, 1987 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM24256BP/BF 32,763 WORD X8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TM M24256B P/ B F-17/20 


DESCRIPTION 

The TMM24256BP/BF is a 32,768 word x 8 bit one 
time programmable read only memory and molded in a 
28 pin plastic Package, 

The TMM242568P/8F's access time is 170ns/200ns, 
and has low power standby mode which reduces the 
power dissipation without increasing access time. 


PRELIMINARY 


The electrical characteristics and programming method 
are the sameasU.V. EPROM TMM27256BD's. 

Once programed, the TMM24256BP/BF can not be 
erased because of using plastic DIP without transparent 
window. 


FEATURES 

* Fast access time: 170ns, 200ns 
« Low power dissipation 

Active: 100mA 

Standby: 30mA 

* Single 5V power supply 


• Full ...j + ic operation 

• High speed programming mode I, II 

• Inputs and outputs TTL compatible 

® Pin compatible with ROM TC53257P, TMM23256P, 
EPROM TMM27256D/AD/BD and TC57256D/AD 

• Standard 28 pin DIP plastic package : TMM24256BP 

® Plastic Flat Package : TMM24256BF 


PIN CONNECTION (TOP VIEW} 


v PPtj L 28 3 v cc 

A12[] 2 27 ]A14 

A7 C 3 26 3 A13 

Aed 4, 25 3 A8 

A5C 5 24 3 A9 

A4C 6 23 3 All 

A3C 7 22 ]oi 

A2C 8 21 3A10 

Al[ 9 20 3CH 

AOC 10 19 3 07 

00 [ 11 18 2 06 

01C 12 17 3 0 5 

02C 13 16 304 

ONDC 14 15 303 


PIN NAMES 


AO ~ A14 

Address Inputs 

Oo O7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

V cc 

Power Supply Voltage 
(+5V) 

GND 

Ground 


BLOCK DIAGRAM 



MODE SELECTION 


PIN 

mode^'"""^^ 

CE 

( 20 ) 

OE 

( 22 ) 

V 

( 1 ) 

V 

(28) 

Oo ~ O 7 

(11 ~ 13, 15~ 19) 

POWER 

Read 

L 

L 



Data Out 


Output Deselect 

* 

H 

5V 

5V 

High Impedance 


Standby 

H 

* 



High Impedance 

Standby 

Program 


H 

^ , 1 ) 

fi wD 

Data In 


Program Inhibit 

H 

H 

12 75V 2 * 

2 ) 

6.25V y 

High Impedance 

Active 

Program Verify 


L 



Data Out 



* HorL 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE II 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM24512P/F 65,536 WORDX8 BIT ONE TIME PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM24512P/F 


DESCRIPTION 

The TMM24512P/F is a 65,536 word x 8 bit one time 
programmable read only memory, and molded in a 28 pin 
plastic package. The TMM24512P/F's access time is 
250ns, and has low power standby mode which reduces 
the power dissipation without increasing access time. The 


electrical characteristics and programming method are the 
same as U.V. EPROM TMM27512D's. Once programmed, 
the TMM24512P/F can not be erased because of using 
plastic DIP without transparent window. 


FEATURES 

• Fast access time: 2.50ns 

• Low power dissipation 

Active: 120mA 

Standby: 35mA 

• Single 5V power supply 

• Full static operation 


• High speed programming mode 

• inputs and outputs TTL compatible 
® Pin compatible with TMM27512D 

® Standard 2.8 pin DIP plastic package: TMM24512P 

• Plastic Flat Package: TMM24512F 


PIN CONNECTION (TOP VIEW) 



BLOCK DIAGRAM 

OND V 


'PP 


OE 
CE i 


AO o-f 

Ale 
A2C 
A3C 
A4C 
A5C 
A6C 
A7C 
A8C 

A9C- 

AlOO-—j 
A.llo- 

Al 20-1 

A130- 

A140-H 
A15C 


y 


OE , CE 

CIRCUIT 


°0 °1 °2 °3 °4 °5 °6 °7 

it t y ? ? ? ? 


OUTPUT BUFFERS 


6 

COLUMN 

64 

COLUMN I/O 


DECODER 

_ 


CIRCUIT 







10 

ROW 

10 24 

MEMORY CELL 

ARRAY 

6Sp36X8bi ts 


DECODER 



PIN NAMES 


MODE SELECTION 


AO ~ Al 5 

Address Inputs 


PIN 

CE 

OE/Vpp 

Vcc 

O0~ 07 

POWER 

OO ~ 07 

Outputs (Inputs) 


MODE^^-\ 

(20) 

(22) 

(28) 

(11 ~ 13, 15~ 19) 

CE 

Chip Enable Input 


Read 

■- 

L 


Data Out 

Active 


Output /Program 

Enable / Supply 
Input / Voltage 


Output Deselect 

* 

H 

5V 

High Impedance 

OE/Vpp 


Standby 

H 

* 


High Impedance 

Standby 



Program 

L. 

Vpp 


Data In 


Vcc 

Power Supply 

Voltage (+5V) 


Program Inhibit 

H 

Vpp 

6 V 

High Impedance 

Active 



Program Ver ify 

L 

L 


Data Out 


GND 

Ground 




* H or L 
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TMM24512P/F 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Power Supply Voltage 

-0.6 ~ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ~ 14.0 

V 

V IN 

Input Voltage 

-0.6 ~ 7.0 

V 

V|/0 

Input/Output Voltage 

-0.6 ~ 7.0 

V 

Pd 

Power Dissipation 

1.0/0.6* 

W 

t solder 

Soldering Temperature‘Time 

260 • 10 

°C • sec 

Tstg 

Storage Temperature 

-55 ~150 

°C 

t opr 

Operating Temperature 

0 ~ 70 

°C 


* : Plastic Flat Package 


READ OPERATION 
DC. RECOMMENDED OPERA! 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.0 

- 

Vcc + i.o 

V 

Vil 

Input Low Voltage 

-0.3 

- 

0.8 

v cc 

Vcc Power Supply Voltage 

4.75 

5.00 

5.25 


D.C. and OPERATING CHARACTERISTICS (Ta = 0 - 70°C, v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

1 LI 

Input Current 

Vin = 0 ~ Vcc 

- 

- 

±10 

juA 

Icci 

Supply Current (Standby) 

CE = VjH 

- 

- 

35 

mA 

1CC2 

Supply Current (Active) 

CE = Vil 

- 

- 

120 

mA 

VOH 

Output High Voltage 

Ioh = —400juA 

2.4 


- 

V 

VOL 

Output Low Voltage 

Iol = 2.1mA 

- 

- 

0.4 

V 

IPP1 

Vpp Current 

Vpp = 0 ~ Vcc + 0.6V 

- 

- 

+10 

mA 

IL0 

Output Leakage Current 

Vqu r= 0.4V ~ Vcc 

- 

_ 

±10 

_ 

mA 
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TMM24512P/F 


A.C. CHARACTERISTICS (Ta = 0 ~ 70°C, v cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

UNIT 

t ACC 

Address Access Time 

CE = OE = Vil 

- 

250 

ns 

t CE 

CE to Output Valid 

> 

II 

Ilu 

lo 

- 

250 

l OE 

OE to Output Valid 

CE = Vil 

- 

100 

X DF1 

CE to Output in High-Z 

_J 

> 

II 

[ljj 

lo 

0 

90 

t DF2 

OE to Output in High-Z 

CE = Vil 

0 

90 

t0H 

Output Data in Hold Time 

> 

II 

\IU 

10 

11 

Illi 

lo 

0 

- 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L = lOOpF 

» Input Pulse Rise and Fall Times : 10ns Max. 

» Input Pulse Levels : 0.45V ~ 2.4V 

• Timing Measurement Reference Level : Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE * (Ta = 25°C, f = 1 MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 1 

Input Capacitance 

> 

o 

II 

z 

> 

[_ 

- 

4 

6 

pF 

C IN2 

OE/Vpp Input Capacitance 

> 

o 

1! 

Z 

> 

- 

50 

60 

COUT 

Output Capacitance 

Vqut^0V 

- 

8 

12 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

I SYMBOL I PARAMETER 



PARAMETER 

MIN. 

TYP. 

MAX. 

Input High Voltage 

2.0 

- 

Vcc + 1.0 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc Power Supply Voltage 

5.75 

_I 

6.0 

6.25 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 


D.C. and 01 


SYMBOL 


PARAMETER 

Input Current 
Output High Voltage 
Output Low Voltage 
Vcc Supply Current 
Vpp Supply Current 


(Ta = 25+ 5 C, V C c = 6V ± 0.25V, Vpp = 12 5V ± 0.5V) 


TEST CONDITION 
VlNI = 0 ~ Vcc 
l 0H = -400 mA 
l 0L = 2.1mA 


Vpp = 13.0 V 



A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 + 5°C, Vcc = 6V ± 0.25V, Vpp = 12.5V ± 0.5V) 


SYMBOL 


*AS 


tAH 


s 


PARAMETER 


Address Setup Time 


Address Hold Time 


OE/Vpp Setup Time 


OE/Vpp Hold Time 


OEA/pp Pulse Rise Time 


Data Setup Time 
Data Hold Time 
OE/Vpp Recovery Time 
Vcc Setup Time 
Initial Program Pulse Width 
Overprogram Pulse Width 
Data Valid from CE 
CE to Output in High-Z 


TEST CONDITION 




CE = Vil , OE/Vpp = Vpp 
Note 1 
OE/Vpp = V,L 
OE/Vp P = V, l 



A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ~ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter value X 

























TMM24512P/F 


TIMING WAVEFORMS (HIGH SPEED PROGRAM) 
(V cc = 6V ± 0.25V, V PP = 12.5V ± 0.5V) 



NOTE 1. V cc must be applied simultaneously or before V PP and cut off simultaneously or after 
V PP . 

2. Removing the device from socket and setting the device in socket with Vpp = 12.5V may 
cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage 
over 14V should not be applied to the Vpp terminal. When the switching pulse voltage is 
applied to the V PP terminal, the overshoot voltage of its pulse should not be exceeded 
14V. 
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TMM24512P/F 



The TMM24512P/F's six operation modes are 


listed in the following table. Mode selection can bf 
achieved by applying TTL level signal to all inputs. 


~~—--PIN^ 

MODE 

NAMES (NUMBER) 

CE 

(20) 

HI 

■ 




Read Operation 
(Ta = 0~70°C) 

Read 

L 

L 


Data Out 

Active 

Output Deselect 

* 

H 

5V 

High Impedance 

Standby 

H 

* 


High Impedance 

Standby 

Program Operation 
(Ta = 25 ± 5°C) 

Program 

L 

Vpp 


Data In 


Program Inhibit 

H 

Vpp 

6V 

High Impedance 

Active 

Program Verify 

L 

L 


Data Out 



Note: H; Vm, L; V|i_, * ; V|h or Vj l 
READ MODE 

The TMM24512P/F has two control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. The output 
enable (OE) control the output buffers, independent 
of device selection. Assuming the CE = OE = Vil , the 
output data is valid at the outputs after address access 
time from stabilizing of all addresses. The CE to 
output valid (tcE) is equal to the address access time 
(t A cc )• Assuming that CE"= V, L and all addresses are 
valid, the output data is_valid at the outputs after t 0 E 
from the falling edge of OE. 


= Vih , the outputs 
will be in a high impedance state. So two or more 
TMM24512P/F's can be connected together on a 
common bus line. When CE is decoded for device 
selection, all deselected devices are in low power 
standby mode. 


Assuming that CE 


or OE 


anytime either individually, sequentially, or at 
random. 


The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 
The verify is accomplished with CE at Vil and 
OE/Vpp at V 1L . 


Program inhibit mode 

Under the condition that the program voltage 
(+12.5V) is applied to Vp P terminal, a TTL high level 
CE input inhibits the TMM24512P/F from being 
programmed. Programming of two or more 
TMM24512P/F's in parallel with different data is 
easily accomplished. That is, all inputs except for CE 
and OE may be commonly connected, and a TTL 
Low level program pulse is applied to the CE of the 
desired device only and TTL high level signal is 
applied to the other devices. 


STANDBYMODE 

The TMM24512P/F has a low power standby mode 
controlled by the CE signal. By applying a high level 
to the CE input, the TMM24512P/F is placed in the 
standby mode which reduce the operating current to 
35mA from 120mA (about 70% reduction) by 
applying TTL high level and then the outputs ar e in 
a high impedance state, independent of the OE 
inputs. 

Initially, when received by customers, all bits of 
the TMM24512P/F are in the "1” state which is 
erased state. Therefore the program operation is to 
introduce ''O'' data into the desired bit locations by 
electrically programming. The TMM24512P/F is in 
the programming mode when the OE/Vpp input 
is at 12.5V and CE” is at TTL-Low level. The 
TMM24512P/F can be programmed any location at 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by 
using this high speed programming mode. The device 
is set up in the high speed programming mode when 
the programming voltage (+12.5V) is applied to the 
Vpp terminal with Vcc = 6V. The programming is 
achieved by applying a single TTL low level 1 ms pulse 
to the CE input after addresses and data are stable. 
Then the programmed data is verified by using 
Program Verify Mode. If the programmed data is not 
correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be 
repeated until the program operates correctly (max. 
25 times). After correctly programming the selected 
address, the additional program pulse with pulse 
width 3 times that needed for initial programming is 
applied. When programming has been completed, the 
data in all addresses should be verified with Vcc = 5V. 


























ELECTRIC SIGNATURE MODE Electric Signature mode is set up when 12V is 

Electric signature mode allows to read out a code applied to address line A9 and the rest of address 

from TMM24512P/F which identifies its manufac- l' nes ' s set 1:0 Mil in read operation. Data output in 

turer and device type. this conditions is manufacturer code. Device code is 

The programming equipment may read out manu- identified when address AO is set to V iH • These two 

facturer code and device code from TMM24512P/F codes possess an odd parity with the parity bit of 

by using this mode before program operation and MSB (07). 

automatically set program voltage (Vpp ) and algo- The following table shows electric signature of 

rithm. TMM24512P/F. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^--^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(ID 

DATA 

Manufacture Code 

Vil 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

V|H 

0 

0 

0 

1 

_ 

0 

1 

0 

1 

15 


Notes: A9 = 12V ± 0.5V 


A1 ~A8, A10-A15, CE,OE = Vil 


OUTLINE DRAWINGS (TMM24512P) 



NOTE 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 
position with respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM24512AP/AF 65,536 WORDX8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 


TMM24512AP/AF-20/25 


DESCRIPTION 

The TMM24512AP/AF is a 65,536 word x 8 bit one 
time programmable read only memory and molded in a 
28 pin plastic Package. The TMM24512AP/AF’s access 
time is 200ns/250ns, and has low power standby mode 
which reduces the power dissipation without increasing 


PRELIMINARY 


access time. The electrical characteristics and programm¬ 
ing method are the same as U.V. EPROM TMM27512 
AD's. Once programmed, the TMM24512AP/AF can not 
be erased because of using plastic DIP without transparent 
window. 


FEATURES 

• Fast access time: 200ns, 250ns 

• Low power dissipation 

Active: 120mA 

Standby: 35mA 

• Single 5V power supply 


• Full static operation 

® High speed programming mode 1,11 
® inputs and outputs TTL compatible 

• Pin compatible with TMM27512D/AD 

• Standard 28 pin DIP plastic package :TMM24512AP 

« Plastic Flat Package :TMM24512AF 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 



OE c 
CE C 

AO c 
Ale 
A2C 
A3C 


Vpp OND v cc 0 0 0 3 0 2 O 3 0 4 Og Og 0 7 

_2_I_L TTTTTTtT 


A5C 

A 6 C 

A7C 

A 8 C 

A9C 

A1QC 

Allc 

A12C 


PE . CE 
CIRCUIT 


OUTPUT BUFFERS 



LL 

COLULIN 

64 

COLUMN I/O 

cn 

1 

DECODER 


CIRCUIT 

■ 


■NS9 

■ 



p 


mi 

WM 


ZD 

X 

1 

ROW 

ml 

MEMORY CELL 
ARRAY 

65£3Sx8bi is 

CO 

m 

ca 


DECODER 


c: 






Q 

Q 

< 







PIN NAMES 


MODE SELECTION 


AO- A15 
Oo ~ 0? 
Of 

OE/Vpp 


Vcc 


Address Inputs 
Outputs (Inputs) 
Chip Enable Input 


Program 
Supply 
Voltage 
Power Supply Voltage 

(+5V) _ 

Ground 



PIN 

MODE 

OE 

(20) 

OE/V P p 

(22) 

V cC 

(28) 

00-07 

(11 ~ 13, 15-19) 

POWER 

Read 

L 

L 


Data Out 

Active 

Output Deselect 

* 

H 

5V 

High Impedance 

Standby 

H 



High Impedance 

Standby 

Program 

L 

Vpp 

6V 1 * 

6.25V 2 * 

Data In 


Program Inhibit 

H 

0- 

> 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 



*: H or L 


GND 


1) : HIGH SPEED PROGRAMMING MODE I 

2) : HIGH SPEED PROGRAMMING MODE II 
























TOSHIBA MOS MEMORY PRODUCTS 


32,768 WORD X 8 BIT CMOS ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 

SILICON STACKED GATE CMOS 


TC54256AP/AF 


DESCRIPTION 

The TC54256AP/AF is a 32,768 word x 8 bit 
one time programmable read only memory, and 
molded in a 28 pin plastic package. 

The TC54256AP/AF's access time is 200ns, and 
has low power standby mode which reduces the 
power dissipation without increasing access time. 


The electrical characteristics and programming 
method are the same as U. V. EPROM TC57256AD's. 

Once programmed,the TC54256AP/AF can not be 
erased because of using plastic DIP without trans¬ 
parent window. 


FEATURES 


• Peripheral circuit : CMOS 

Memory cell : N-MOS 

• Low power dissipation 
Active : 30mA/5MHz 
Standby: 100//A 

• Fast access time : 200ns 

• Program voltage : 12.5V 


• Single 5V power supply 


• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, 
TMM23256P EPROM TMM27256D/AD and 
TC57256D/AD 

• TC54256AP : 28PIN standard plastic package 

• TC54256AF : 28PIN flat package 


PIN CONNECTION 



PIN NAMES 


A 0 A 14 

Address Inputs 

O 0 -O 7 

Outputs (Inputs) 

ceT 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply Voltage 

Vcc 

Power Supply Voltage (+5V) 

GND 

Ground 


BLOCK DIAGRAM 



MODE SELECTION 


PIN 

MODfT'\ 

CET 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

o 0 ~o 7 

(11-13, 15-19) 

POWER 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output 

Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program 

Inhibit 

H 

H 

High Impedance 

Program 

Verify 

* 

L 

Data Out 


* H or L 
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MAXIMUM RATINGS 



READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc 4 " 0 *3 


V IL 

Input Low Voltage 

-0.3 

- 

0.8 


V CC 

V cc Power Supply Voltage 

4.75 

5.00 

5.25 

V 

Vpp 

Vpp Power Supply Voltage 

Vcc-0.6 

_ 

vcc 

Vcc+0-6 



D.C. and OPERATING CHARACTERISTICS (Ta=~40*85°C, V C c=5V±5%) 
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TC54256AP/AF 


A.C. CHARACTERISTICS (Ta=-40^85°C, V CC =5V±5%, V PP =V cc ±0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX. 

UNIT 

tACC 

Address Access Time 

CE=0E=V il 

- 

200 

ns 

tCE 

CE to Output Valid 

oe=v il 

- 

200 

C 0E 

0E to Output Valid 

CE= v i L 

■ 

70 

C DF1 

CE to Output in High-Z 

OE=Vil 

■■ 

60 

t DF2 

OF to Output in High-Z 

CE=Vil 

0 

60 

tQH 

Output Data in Hold Time 

ce=oe-v il 

0 

- 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

_ 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

> 

o 

n 

sa 

M 

> 

- 

4 

6 

P F 

c 0UT 

Output Capacitance 

VqUT = 0V 

- 

8 

12 


* This parameter is periodically sampled and is not 100% tested. 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 
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TC54256AP/AF 


PROGRAM OPERATION 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1-0 


VlL 

Input Low Voltage 

i 

o 

u> 

- 

0.8 

V 

V CC 

Vqq Power Supply Voltage 

5.75 

6.0 

6.25 

V PP 

V pp Power Supply Voltage 

12.0 

12.5 

13.0 




D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

I L I 

Input Current 

X 

o 

> 

Output High Voltage 

■a 

Output Low Voltage 

I CC 

Vqq Supply Current 

X PP2 

V pp Supply Current 

V ID 

A9 Auto Select Voltage 


TEST CONDITION MIN. TYP. 

Vxn=O^V cc 

IOH =- AOOyA 2.4 - 

I OL =2 - lmA 




A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 


TEST CONDITION 




PARAMETER 


Address Setup Time 


Address Hold Time 


CE Setup Time 


CE Hold Tim 


OE Setup Time 


Data Setup Tine 


Data Hold Time 


V pp Setup Time 


Vqc Setup Time 


Initial Program Pulse Width 
Overprogram Pulse Width 
OE to Output Valid 
OE to Output in High-Z 


Note 1 


CE=V IH 


ce=vih 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cp, (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 

value X. 
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TC54256AP/AF 


TIMING WAVEFORMS (PROGRAM) 

(V CC =6V±0.25V, V pp =12.5V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC54256AP/AF 


OPERATION INFORMATION 

The TC54256AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


_____PIN NAMES (NUMBER) 

MODE ~~ —-— 

CE 

(20) 


■ 

V CC 

(28) 

00 v 07 

(11 'u 13, 15 'v 19) 

POWER 

Read Operation 
(Ta=-40v 85°C) 

Read 

L 

a 

5V 

5V 

Data Out 

Active 

Output Deselect 

n 

H 

High Impedance 

Standby 

H 

m 

High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

D 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

n 

D 

Data Out 


Note: Hi V IH , L; V IL , *; V IH or V IL 


READ MODE 

The TC54256AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=0 E=Vil, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid (t^p) is equal to the address access time (t^^) . 

Assuming that CE=Vpp and all addresses are valid, the output data is valid at the 
outputs after tQ E from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vpp or OE=Vjp, the outputs will be in a high impedance state. 
So two or more TC54256AP/AF’s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 


STANDBY MODE 

The TC54256AP/AF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC54256AP/AF is placed in the standby 
mode which reduce the operating current to lOOyA by applying MOS-high level (Vqc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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TC54256AP/AF 


PROGRAM MODE 

Initially, when received by customers, all bits of the TC54256AP/AF are in 
the "1" state which is erased state. 

Therefore the program operation is to introduce "0 ? s" data into the desired bit 
locations by electrically programming. 

The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low level under OE=Vjp. 

The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vpp and CE at Vpp or Vpp. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.5V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed. 
Programming of two or more TC54256AP/AF’s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the programming 
voltage (+12.5V) is applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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ADDRESS = OVERPROGRAM 3X PULSES OF 1msec 

NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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TC54256AP/AF 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC54256AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vpp in read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is 
set to Vpp. These two codes possess an odd parity with the parity bit of MSB 
(07). The following table shows electric signature of TC54256AP/AF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^^-^ 

(10) 

(19) 

(18) 

(17) 

(16) 

-- 

(15) 

(13) 

(12) 

(ID 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 



Device Code 

VlH 

1 

a 

0 

0 

0 

1 

0 

0 

C4 


Notes: A9=12V±0.5V 

A1v AS, A10 v A14, CE, 0E=V IL 
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Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 






Note : Toshiba does not assume any responsibility for use of any circuitry described : no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry, 

CJ May, 1986 Toshiba Corporation 
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131,072WORDX8BIT CMOS ONETIME PROGRAMMABLE 
READ ONLYMEMORY 

SILICON STACKED GATE MOS 


TC541000P-20, TC541000P-25 
TC541001 P-20, TC541001 P-25 


DESCRIPTION 

The TC541000P/TC541001P is a 131,072 word x 8 
bit one time programmable read only memory, and 
molded in a 32 pin plastic package. 

The TC541000P/TC541001 P's access time is 200ns/ 
250ns and has low power standby mode which reduces 
the power dissipation without : .'creasing access time The 

FEATURES 

® Peripheral circuit : CMOS 
Memory cell N-MOS 

• Fast access Time 

TC541000P-20/TC541001 P-20: 200ns 
TC541000P-25/TC541001 P-25: 250ns 

• Low power dissipation 

Active : 30mA/5.0MHz 
Standby: 100/xA (Ta = 85°C) 

• Single 5V power supply 


electrical characteristics and programming method are 
the same as U.V. EPROM TC571000D/TC571001 D's. 
Once programed, the TC541000P/TC541001P can not 
be erased because of using plastic DIP without 
transparent window. 


• Wide operating temperature range: —40 ~ 85° C 

• Full static operation 

• High speed programming operation: tpw 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC541000P 

• 1M MROM compatible : TC541001P 

• Standard 32 pin DIP plastic package 


PIN CONNECTION (TOP VIEW) 



TC541000? TC541001F ,1M Mask ROM, 

'TC531000P ' 


PIN NAMES 


A0~ A16 

Address Inputs 

D0~ D7 

Output (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

V CC 

Power Supply Voltage 

Vp P 

Program Supply Voltage 

GND 

Ground 

NC 

No Connection 
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TC541000P 
TC541 




BLOCK DIAGRAM 


MODE SELECTION 










V '•■. . = /'~ , . ./'. ' 


• - " ‘ . . • . . ... .' 
:V V 

: . • - . . •',. • .. 

. <L 


Of , CE , PGM 
CIRCUIT 


00 01 02 03 04 05 06 07 


OUTPUT BUFFERS 


COLUMN 

128 

DECODER 



ROW 

1024 

DECODER 



COLUMN I/O 
CIRCUIT 


ARRAY 

131,0 72x8 Wte 



Output Deselect 

Standby 

Program 

Program Inhibit 

Program Verify 


High Impedance 
High Impedance 
Data In 

High Impedance 
High Impedance 
Data Out 


Standby 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

V CC 

Power Supply Voltage 

Vpp 

Program Supply Voltage 

V IN 

Input Voltage 

v l/0 

Input/Output Voltage 

Pd 

Power Dissipation 

t solder 

Soldering Temperature • Time 

Tstrg 

Storage Temperature 

t opr 

Operating Temperature 


RATING 
—0.6 ~ 7.0 
-0.6 ~ 14.0 
-0.6 ~ 7.0 
-0.6 — Vqq + 0.5 
1.5 

260-10 
-65-125 
-40 - 85 

















TC541000P-20, TC541000P-25 
TC541001P-20, TC541001P-25 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V,h 

Input High Voltage 

2.2 

- 

Vcc + 0-3 

V 

V»L 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

Vqc Power Supply Voltage 

4.75 

5.00 

5.25 

Vpp 

V PP Power Supply Voltage 

v cc ~ 0-6 

V CC 

v cc + 0-6 


D.C. AND OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, V cc = 5V ± 5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Current 

Vin = 0 ~ Vcc 

- 

- 

±10 

ma 

■ccoi 

Operating Current 

CE = 0V 

f = 5.0 MHz 


- 

30 

mA 

l CC02 

but = 0 mA 

f = 1 MHz 

.. 

- 

- 

10 

bcsi 

Standby Current 

X 

> 

II 

ILU 

L> 

- 

- 

1 

mA 

'CCS2 

CE = V C c - 0.2V 

- 

- 

100 

MA 

l 

o 

> 

Output High Voltage 

lOH = -400 uA 

2.4 

- 

v_ , 

V 

V OL 

Output Low Voltage 

Iol = 2.1 mA 

- 

- 


V 

Wl 

V PP Current 

V PP = V CC ± 0.6V 

- 

- 

±10 

mam 

1 L0 

Output Leakage Current 

Vqut = 0.4 V ~ Vcc 

- 

- 

10 

mA 


A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, V C c = 5V ± 5%, V PP = V C c ± 0.6V) 


SYMBOL 

PARAMETER 

TC541000P-20/ 
TC541001 P-20 

TC541000P-25/ 
TC541001 P-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

> 

o 

o 

Address Access Time 

- 

200 

- 

250 

ns 

Ice 

CE to Output Valid 

- 

200 

- 

250 

tQE 

OE to Output Valid 

- 

70 

- 

100 

tPGM PGM to Output Valid 

- 

70 

- 

100 

t D pi CE to Output in High-Z 

0 

60 

0 

90 

t DP 2 OE to Output in High-Z 

0 

60 

0 

90 

t D p 3 PGM to Output in High-Z 

0 

60 

0 

90 

t 0 H Output Data Hold Time 

0 

- 


- 


A.C. TEST CONDITIONS 


Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and C L = 10OpF 
10ns Max. 

0.45V and 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC541000P-20, TC541000P-25 
TC541001 P-20, TC541001 P-25 


HIGH SPEED PROGRAM OPERATION 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V| H 

Input High Voltage 

2.2 

- 

v cc + TO 

V 

Vil 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

V C c Power Supply Voltage 

6.00 

6.25 

6.50 

VPP 

V pp Power Supply Voltage 

12.50 

12.75 

13.00 


D.C. AND OPERATING CHARACTERISTICS (Ta = 25 ± 5°C, V cc = 6.25 ± 0.25V, V PP = 12.75 ± 0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

'Ll 

Input Current 

V|N = 0 ~ Vcc 

- 

- 

±10 

JUA 

i 

o 

> 

Output High Voltage 

l 0H = —400 nA 

2.4 

- 

- 

V 

o 

> 

Output Low Voltage 

l OL = 2.1 mA 

- 

- 

0.4 

V 

*cc 

Vcc Supply Current 

- 

- 

- 

30 

mA 

1 PP2 

V PP Supply Current 

V pp = 13.0 V 

- 

- 

50 

mA 

V ID 

A9 Auto Select Voltage 

- 

11.5 

12.0 

_ 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5°C, V cc = 6.25 ± 0.25V, V PP = 12.75 ± 0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Us 

Address Setup Time 

- 

2 

- 

- 

MS 

t AH 

Address Hold Time 

- 

2 

- 

- 

Ms 

Ues 

CE Setup Time 

- 

2 

- 

- 

MS 

tCEH 

CE Hold Time 

- 

2 

- 

- 

MS 

t DS 

Data Setup Time 

- 

2 

- 

- 

Ms 

Gh 

Data Hold Time 

- 

2 

- 

- 

Ms 

tvs 

V PP Setup Time 

- 

2 

- 

- 

Ms 

tpw 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

tOE 

OE to Output Valid 

- 

- 

- 

100 

ns 

tDF2 

OE to Output in High-Z 

CE = V| L 

- 

_z_ 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC541OOOP-20, TC541000P-25 
TC541001 P-20, TC541001 P-25 


HIGH SPEED PROGRAM OPERATION 

• TIMING CHART 



V-DT3 




tvs 


NOTE: 1. V cc must be applied simultaneously or before V PP and cut off simultaneously or after 
V PP . 

2. Removing the device from socket and setting the device in socket with V PP = 12.75V 
may cause permanent damage to the device. 


3. The V PP supply voltage is permitted up to 14V for program operation, so the voltage 
over 14V should not be applied to the V PP terminal. When the switching pulse voltage 
is applied to the V pp terminal, the overshoot voltage of its pulse should not be exceeded 










TC541000P-20, TC541000P-25 
TG541001 P-20, TC541001 P-25 


OPERATION INFORMATION 

The TC541000P/TC541001 P's six operation tion can be achieved by applying TTL level signal to 

modes are listed in the following table. Mode selec- all inputs. 



PGM 

CE 

OE 

V P P 

o 

(J 

> 

Oo ~ O 7 

POWER 

READ 

OPERATION 
(Ta = -40 ~85°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 
(Ta = 25 ± 5°C) 

Program 

L 

L 

H 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


Note: H; V| H , L;V jL , *;V IH orV, L 


READ MODE 

The TC541000P/TC541001P has three control 
functions. The chip enable (CE) controls the opera¬ 
tion power and should be used for device selection. 
The output enable (OE) and the program control 
(PGM) control the output buffers, independent of 
device selection. 

Assuming in that CE = OE = Vi l and PGM = V| H , 
the output data is valid at the output after address 
access time from stabilizing of all addresses. The CE 
to output valid (t CE ) is equal to the address access 
time (t A cc )■ _ _ 

Assuming that CE = V| L , PGM = Vm and all 
addresses are valid, the output data is valid at the 
outputs after t 0 E from the falling edge of OE. And 
assuming that CE = OE = Vil and all addresses are 
valid, the output data is valid at the outputs after 
tpGM f rom the rising edge of PGM. 

OUTPUT DESELECT MODE_ 

Assuming that CE = V IH or OE = V| H , the outputs 
will be in a high impedance state. So two or more 
ROMs can be connected together on a common bus 
line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 

STANDBY MODE 

The TC541000P/TC541001P has a low power 
standby mode controlled by the CE signal. By apply¬ 
ing a high level to the CE input, the TC541000P/ 
TC541001P is placed in the standby mode which 
recude the operating current to IOOjuA by applying 


MOS-high level (V cc ) and then the outputs are in a 
high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TC541000P/TC541001P are in the ”1" state 
which is erased state. Therefore the program opera¬ 
tion is to introduce "0's" data into the desired 
bit locations by electrically programming. 

The levels required for all inputs are TTL. The 
TC541000P/TC541001P can be programmed any 
location at anytime- either individually, sequ¬ 

entially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 
The verify is accomplished with OE and CE at V (L 
and PGM at V )H . 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+1 2,75 V) is applied to V PP terminal, a high level CE 
or PGM input inhibits the TC541000P/TC541001P 
from being programmed. Programming of two or 
more EPROMS in parallel with different data is easily 
accomplished. That is, all inputs except for CE or 
PGM may be commonly connected, and a TTL 
low level program pulse is applied to the CE and PGM 
of the desired device only and TTL high level signal is 
applied to the other devices. 
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TC541000P-20, TC541000 
TC541001 P-20, TC541001 


data is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 0.1ms is applied and then program¬ 
med data is verified. This should be repeated until 
the program operates correctly (max. 25 times). 

When programming has been completed, the data 
in all addresses should be verified with Vcc = V PP 


HIGH SPEED PROGRAM OPERATION 

The device is set up in the high speed programming 
mode when the programming voltage (+12.75V) is 
applied to the V PP terminal with V cc = 6.25V and 
PGM = V,H . 

The programming is achieved by appl ying a single 
TTL low level 0.1 ms pulse the PGM input after 
addresses and data are stable. Then the programmed 


• FLOW CHART 


NEXT ADDRESS 















TC541000P-20. TC541000P-25 
TC541001 P-20, TC54100IP-25 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code 
from TC541000P/TC541001P which identifies it's 
manufacturer and device type. 

The programming equipment may read out manu¬ 
facturer code and device code from TC541000P/ 
TC541001P by using this mode before program 
operation and automatically set program voltage 
(Vp P ) and algorithm. 


Electric Signature mode is set up when 12V is 
applied to address line A9 and the rest of address 
lines is set to V IL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address AO is set to V !H . These two 
codes possess an odd parity with the parity bit of 
MSB (07). The following table shows electric signa¬ 
ture of TC541000P/TC541001P. 


SIGNATURE 

--- 

PINS 

Ao 

0 7 

o 6 

Os 

0 4 

0 3 

0 2 

O, 

Oo 

HEX. DATA 

Manufacture Code 

V | L 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

TC541000P 

Vih 

1 

0 

0 

0 

0 

1 

1 

0 

86 

TC541001P 

0 

0 

0 

0 

0 

1 

1 

1 

07 


Notes: A9=12V±0.5V 

AV~ A8, A10~ A16, CE, OE = V IL 
PGM = Vih 
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3.2MIH, , , 5.2MAX 


OUTLINE DRAWINGS 


NOTE: 1 


Unit in mm 


32 17 





Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal 
position with respect No.1 and No. 32 leads. 


2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 






o 
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TOSHIBA MOS MEMORY PRODUCTS 


256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 

SILICON GATE MOS 


TC53257P 

TC53257F 


DESCRIPTION 

The TC53257P/F is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, this being suitable for use in program 
memory of microprocessor, and in character gener¬ 
ator, The TC53257P/F using CMOS technology is 
most suitable for low power applications where bat- 

FEATURES 

• Single 5V Power Supply 

• Access Time: 200ns(Max.) 

• Power Dissipation 

Operating Current : 25mA(Max.) 

Standby Current : 20/xA(Max.) 

• Pin Compatible with 256K EPROM TC57256AD/ADI 

• Pin Compatible with 256K OTPROM TC54256AP/AF 

• Full Static Operation 


tery operation is required. 

The TC53257P/F has one programmable chip 
enable input CE/CE, for device selection and one 
output enable input (OE) for fast memory access and 
output control. 


» Programmable Chip Enable 

• All Inputs and Outputs : TTL Compatible 

• Three State Outputs 

• Package 

Plastic DIP : TC53257P 
Plastic FP : TC53257F 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


NC C 1 
A12 C 2 
A7 C3 
A6 C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2 C 8 
A1 C9 
AO C 10 
DO C 11 
D1 C 12 
D2 C 13 
GND C 14 


28 3 v D D 
27 3 A14 
26 3 A13 
25 3 A8 
24 3 A9 
23 3 A11 
22 3 OE 
21 3 A10 
20 3 CE CE 
19 3 D7 
18 3 D6 
17 3 D5 
16 3 D4 
15 3 D3 


PIN NAMES 


Ao~Al4 

Address Inputs 

Do~D? 

Data Outputs 

NC 

No connection 

CE/CE 

Chip enable input 

OE 

Output enable input 

Vdd 

Power supply 

GND 

Ground 


V DD G ND 
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TC53257P 

TC53257F 




MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNITS 

Voo 

Power Supply Voltage 

-0.5-7.0 

V 

VlN 

Input Voltage 

-0.5-7.0 

V 

VOUT 

Output Voltage 

0—Vdd 

V 

Pd 

Power Dissipation 

1.00.6* 

W 

Tstg 

Storage Temperature 

-55-150 

C 

Topr 

Operating Temperature 

LO 

00 

1 

o 

1 

C 

Tsolder 

Soldering Temperature-Time 

260-10 

'C-sec 


Note : * Plastic FP 


D. C. OPERATING CONDITINS <Ta =-40-85‘C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D. C. and OPERATING CHARACTERISTICS <Ta= -40~85 C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

In 

Input Leakage Current 

Vin = 0V—Vdd 

- 

±1 .0 

A A 


Output Leakage Current 

CET=Vih or OE = Vih 

Vout = OV—Vdd 

- 

±5.0 

aA 

lOH 

Output High Current 

Voh = 2.4V 

-1.0 

-- 

mA 

lOL 

Output Low Current 

Vol = 0.4V 

3.2 

- 

mA 

Iddsi 

Standby Current 

CE = Vih CE = Vil 

- 

KB 

mA 

IDDS2 

Standby Current 

CE = Vdd— 0.2V, CE = 0.2V 

- 


aA 

Iddoi 

Operating Current 

Vih = Vih vil. tcvciE = 200ns 

- 



IDD02 

Vin=Vdd—0 2V/ 0.2V, tCYCiE = 200ns 

_z_ i 




CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

ClN 

Input Capacitance 

f= 1 MHz, Ta = 25 C 

- 

8 

PF 

COUT 

Output Capacitance 

f = 1 MHz, Ta = 25 C 

- 

10 

PF 


Note : This parameter is periodically sampled and is not 100% tested. 
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TC53257P 

TC53257F 


A. C. CHARACTERISTICS 


(fa = -40~85"C, Vod = 5V± 10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

tCYC 

Cycle Time 

200 

- 

tACC 

Access Time 

- 

200 

tCE 

Chip Enable Access Time from CE/CE 

- 

200 

tOE 

Output Enable Access Time from OE 

— 

70 


Output Disable Time from CE/CE, OE 
Output Hold Time 



A. C. TEST CONDITIONS 




Output Load 


100pF+1TTL 


Input Levels 


0.6V, 2.4V 


Timing Measurement Reference Levels 




Input : 

0.8V, 2.2V 


Output : 

Input Rise and Fall Time 

TIMING WAVEFORMS 

u 

0.8V, 2.2V 
5ns 

f CYC 

A0-A14 V 

r~ 


Valid ] 


Output Deselect 


H : Vih, L : Vii,* : Vinor Vu. 




Outputs 
Data out 


Power 

Operating 

Operating 


Standby 
















































TOSHIBA MOS MEMORY PRODUCTS 


1 M BIT (128K WORD X8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 


TC531000AP,TC531 OOOAF 


DESCRIPTION 

The TC531000AP/AF is a 1,048,576 bits read only 
memory organized as 131,072 words by 8 bits with a low 
bit cost, thus being suitable for use in program memory 
of microprocessor, especially character generator. The 
TC531000AP/AF using CMOS technology is most 

FEATURES 

• Single 5V Power Supply 

• Access Time: 150ns (Max.) 

• Power Dissipation 

Operating Current: 40mA (Max.) 

Standby Current: 20ptA (Max.) 

• All Inputs and Outputs: TTL Compatible 


suitable for low power applications where battery opera¬ 
tion are required. 

The TC531000AP/AF has one chip enable input 
CE/CE, programmable for device selection. 


• Three State Outputs 

• Fully Static Operation 

• Programmable Chip Enable 

• Package 

Plastic DIP: TC531000AP 
Plastic FP: TC531 OOOAF 


PIN CONNECTION 


PIN NAMES 



AO ~ A16 

Address Inputs 

DO ~ D7 

Data Outputs 

CE/CE 

Chip Enable Input 

Q 

Q 

> 

Power Supply 

GND 

Ground 


BLOCK DIAGRAM 


Vj) D GND DO D1 D2 D3 D4 D5 D6 D7 



J-7 











TC531OOOAP 

TC531OOOAF 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

V IN 

Input Voltage 

—0.5 ~ V DD 

V 

VoUT 

Output Voltage 

0 ~ V DD 

V 

Pd 

Power Dissipation 

1.0/0.6* 

W 

T STG 

Storage Temperature 

-55 ~150 

°C 

Topr 

Operating Temperature 

-40 ~ 70 

°c 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°C • sec 


Note: * Plastic FP 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V |H 

Input High Voltage 

2.2 

- 

V D d J -0.3 

V 

V |L 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. and OPERATING CHARACTERISTICS (Ta= -40 ~ 70°C, V DD = 5V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

1 1L 

Input Leakage Current 

Vin = 0 ~ Vdd 

- 

±1.0 

MA 

1 LO 

Output Leakage Current 

CE = Vih , Vout = o ~ Vdd 

- 

±5.0 

/uA 

lOH 

Output High Current 

Voh = 2.4 V 

-1.0 

- 

mA 

■OL 

Output Low Current 

Vql= 0.4V 

3.2 

- 

mA 

Iddsi 

Standby Current 

I 

> 

II 

ILL! 

|(J 

- 

2 

mA 

>DDS2 

Standby Current 

CE = Vdd and Vin = 0V (Vdd) 

- 

20 

ma 

Iddoi 

Operating Current 

Vin = Vih /Vil , tcycie = 1 50ns 

- 

50 

mA 

1 DD02 

Vin = Vdd/OV, tcycie = 150ns 

- 

40 

mA 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. i 

UNIT 

C IN 

Input Capacitance 

f = 1 MHz, Ta = 25°C 


10 

pF 

c OUT 

Output Capacitance 

f = 1MHz, Ta = 25°C 


10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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YMBOL 


PARAMETER 


Chip Enable Access Time 


Output Hold Time 


TEST CONDITIONS 

Output Load 
nput Levels 

Fiming Measurement Reference Levels 


: 100pF + r 
: 0.6V, 2.4V 
Input : 0.8V, 2.2V 
Output: 0.8V, 2.0V 








































TOSHIBA MOS MEMORY PRODUCTS 


1M BIT (128K WORD X8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 


TC531001AP 


DESCRIPTION 

The TC531001AP is a 1,048,576 bits read only 
memory organized as 131,072 words by 8 bits with a low 
bit cost, thus being suitable for use in program memory 
of microprocessor, and data memory, especially character 
generator. The TC531001AP using CMOS technology is 
most suitable for low power applications where battery 


FEATURES 

• Single 5V Power Supply 

• Access Time: 150ns (Max.) 

• Power Dissipation 

Operating Current: 40mA (Max.) 
Standby Current: 20juA (Max.) 


PIN CONNECTION 


PIN NAMES 


N.C. C 

1 

A16 C 

2 

A15 q 

3 

A12 C 

4 

A 7 C 

5 

ASC 

6 

A 5 C 

7 

A 4 C 

8 

A3 C 

9 

A2C 

10 

A1C 

11 

A0 C 

12 

DOC 

13 

DlC 

14 

D2C 

15 

gndC 

16 


32 

□ 

V DD 

31 

□ 

N.C. 

30 

□ 

N. C. 

29 

□ 

A14 

28 

□ 

A13 

27 

□ 

A8 

26 

3 

A9 

25 

3 

All 

24 

3 

OE 

23 

□ 

A10 

22 

□ 

CE. " 

21 

□ 

D7 

20 

3 

D6 

19 

3 

D5 

18 

3 

D4 

17 

3 

D3 


A0~ A16 

Address Inputs 

DO ~ D7 

Data Outputs 

OE 

Output Enable Input 

CE/CE 

Chip Enable Input 

V DD 

Power Supply 

GND 

Ground 

N.C. 

No Connection 


operations are required. 

The TC531001AP has one programmable chip enable 
input CE/CE for device selection. 

The TC531001AP is moulded in a 32 pin standard 
plastic package, 0.6 inch in width. 


• All inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 32 pin 600 mil width Plastic DIP 

• Fully Static Operation 

• Programmable Chip Enable 


BLOCK DIAGRAM 


V DD OND 



DO D1 D2 D3 D4 D5 D6 D7 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 


UNIT 

Q 

Q 

> 

Power Supply Voltage 


V 

V|N 

Input Voltage 


V 

VoUT 

Output Voltage 

0 ~ Vqd 

V 

PD 

Power Dissipation 


W 

Tstg 

Storage Temperature 


°C 

T'opr 

Operating Temperature 

-40 ~ 70 

°C 

Tsolder 

Soldering Temperature • Time 

260 • 10 

C • sec 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

< 

o 

D 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V| H 

Input High Voltage 

2.2 

- 


V,L 

input Low Voitage 

-0.3 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 70°C, V DD = 5V ± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

1 1L 

Input Leakage Current 

Vin = 0 ~ Vdd 

- 

±1.0 

H A 

Ilo 

Output Leakage Current 

CE = Vih , Vout= 0V ~ Vdd 

- 

±5.0 

JUA 

1 OH 

Output High Current 


-1.0 

- 

mA 

lOL 

Output Low Current 

V ol = 0.4V 

3.2 

- 

mA 

Iddsi 

Standby Current 

CE= V| H 

- 

2 

mA 

1 DDS2 

Standby Current 

CE = VDD-0.2V and Vin = 0V (Vdd) 

- 

20 

MA 

Iddoi 

Operating Current 

Vin = V !H /V|l , t c ycie = 1 50ns 

- 

50 

mA 

1 DD02 

Vin ~ Vqo- 0.2V/0.2V, tcycie ~ 150ns 

- 

40 

mA 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

Cin 

Input Capacitance 

| f = 1MHz,Ta = 25° C 

- 

10 

pF 

CoUT 

Output Capacitance 

! f= 1MHz,Ta = 25°C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC531001AP 


A.C. CHARACTERISTICS (Ta = -40 ~ 70°C, V nn = 5V ± 10%) 


SYMB OL 

t CYC _ 

'tACC _ 

t CE 



PARAMETER 

Cycle Time 
Access Time 

Chip Enable Access Time 
Output Enable Access Time 
Output Disable Time 
Output Disable Time from OE 
Output Hold Time 



AC TEST CONDITIONS 

• Output Load 

• Input Levels 

• Timing Measurement Reference Levels 

• Input Rise and Fall Time 


Input 

Output 


lOOpF + 1TTL 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2..0V 
5ns 


TIMING WAVEFORMS 



Va 1 i d 
O.CC 



OPERATION MODE 


MODE 

C!T(CE) 

OE 

A0 ~ 16 

Outputs 

Power 

Read 

L(H) 

L 

Valid 

Data Out 

Operating 

Standby 

H(L) 

* 

* 

High-Z 

Standby 

Output Deselect 

L(H) 

H 

* 

High-Z 

Operating 











NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 
and No. 32 leads. 


NOTE 


Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 












TOSHIBA MOS MEMORY PRODUCTS 


4M BIT (512K WORDX 8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 


TC534000P 


DESCRIPTION 

The TC534000P is a 4,194,304 bits read only memory 
organized as 524,288 words by 8 bits with a low bit cost, 
thus being suitable for use in program memory of micro¬ 
processor, and data memory, especially character genera¬ 
tor. The TC534000P using CMOS technology is most 
suitable for low power applications where battery opera- 

FEATURES 

• Single 5V Power Supply 

• Access Time: 250ns (Max.) 

• Power Dissipation 

Operating Current: 30mA (Max.) 

Standby Current: 20 mA (Max.) 


tions are required. 

The TC534000P has one programmable chip enable 
input CE/CE for device selection. 

The TC534000P is moulded in a 32 pin standard 
plastic package, 0.6 inch in width. 


• All inputs and Outputs: TTL Compatible 

• Three State Outputs 

• 32 pin 600 mil width Plastic DIP 

• Fully Static Operation 

• Programmable Chip Enable 



BLOCK DIAGRAM 
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TC534000P 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

—0.5 ~ 7.0 

V 

Vin 

Input Voltage 

—0.5 ~ V DD 

V 

V OUT 

Output Voltage 

0 ~ V DD 

V 

P D 

Power Dissipation 

1.0 

W 

t stg 

Storage Temperature 

-55 ~150 

°C 

t opr 

Operating Temperature 

-40 ~ 85 

°C 

t solder 

Soldering Temperature • Time 

260 • 10 

°C • sec 


D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

< 

o 

o 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V| H 

Input High Voltage 

2.2 

- 

Vdd + 0.3 

V|L 

Input Low Voltage 

-0.3 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, V DD = 5V± 10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 



' IL 

Input Leakage Current 

Vin = 0 ~ V D d 

- 


£lA 

Ilo 

Output Leakage Current 

CE = Vih , Vout = OV ~ Vdd 

- 

±5.0 

JUA 

lOH 

Output High Current 

Voh = 2.4 V 

-1.0 

- 

mA 

lOL 

Output Low Current 

V OL = 0.4V 

2.0 

- 

mA 

Iddsi 

Standby Current 

CE = V|H 

- 

2 

mA 

1 DDS2 

Standby Current 

CE = VDD-0.2V and Vin = 0V (Vdd) 

- 

20 

ma 

Iddoi 

Operating Current 

Vin = Vih /V|L , tcycle = 250ns 

- 

40 

mA 

1 DD02 

Vin = VDD-0.2V/0.2V, tcycle = 250ns 

- 

30 

mA 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C IN 

Input Capacitance 

f = 1MHz, Ta = 25°C 

- 

8 

pF 

C OUT 

Output Capacitance 

f = 1MHz, Ta = 25°C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC534000P 


A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vdd= 5V± 10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

tCYC 

Cycle Time 

250 

- 

ns 

t ACC 

Access Time 

- 

250 

tCE 

Chip Enable Access Time 

- 

250 

tOE 

Output Enable Access Time 

- 

100 

tCED 

Output Disable Time 

- 

80 

tOED 

Output Disable Time from OE 

- 

80 

tQH 

Output Hold Time 

10 

- 


AC TEST CONDITIONS 

• Output Load 

• Input Levels 

• Timing Measurement Reference Levels 

• Input Rise and Fall Time 


: lOOpF + ITTL 
: 0.6V, 2.4V 
Input : 0.8V, 2.2V 
Output : 0.8V, 2.0V 
: 5ns 


TIMING WAVEFORMS 



l t CYC 




A0-A18 ^ 

Valid 



— .-..- ACC .. Jc E i 



i 

CE./0E ^ 


b 


t CE 


A 

^CBD 





OE \ 

j- 




t 0E 


t OH 


t 0ED 

\ 





... mm 

Valid 


-‘-'OUT 


) 





OPERATING MODE 


MODE 

CE(CE) 

OE 

A0 ~ 18 

Outputs 

Power 

Read 

L(H) 

L 

Valid 

Data Out 

Operating 

Standby 

H(L) 

* 

* 

High-Z 

Standby 

Output Deselect 

L(H) 

H 

_ 

High-Z 

Operating 


H: VlH, L: V tL , *: V| H or V )L 


— J-17 










NOTE: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 
and No. 32 leads. 


NOTE: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 




























